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54) GROWTH METHOD FOR NITRIDE SEMICONDUCTOR AND ELEMENT THEREOF 

!57)Abstract: 

=^ROBLEM To BE SOLVED: To provide a growth method for a nitride 
semiconductor wherein such nitride semiconductor substrate is provided 
is. when a device structure is formed with a nitride semiconductor as a 
substrate, no chipping or cracking occurs with the substrate even if a 
esonance surface is formed by beveling* for better life characteristics 
vhile dislocation is so reduced as to improve reliability of an element at 
iotual use, and to provide a nitride semiconductor element which is 
sxceilent in such element characteristics as life charaoteristics with the 
>ne provided by that ffowth method for nitride the semiconductor as a 
substrate. 

SOLUTION: A first nitride semiconductor 2 is grown on a nitride 
semiconductor substrate 1 by such method as dislocation is reduced by 
ising the lateral growth of a nitride semiconductor (method for forming a 
=irst protective film 11 or first rough 13). A device structure is formed to 
jrow a nitride semiconductor element on the first nitride semiconductor 
I thus provided. 
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mm^M^mm. i &±ffi!4^p5 y-f v'vy • :/-xmt 

^^Jl^^SL. CF. t02;tf;^tcj;5 K^-^ai-y^v^^tc 

1 1 ^nm-^. 30 

[0 0 4 41 IM]ifb(75iag|5±SPtllJ]$|5Ji£$Si-?l^fi!<;^tv6ll 

^ 1 (omim^mw 2 /55^^*iS}(cfife« L^v^ ct 5 \mm 

[004 51 01 (b) (Z)4&-g-roELOG^:glCj:6ll 40 

ih-t^o ^Lxm^hx\^^bmmmA^bf$.^Ltz^i 
<Dmt^^^# 2 ^mumno^m i 1 1 *s 3 

i 5 (c^-g- L/j:^5 fe^Sft^riggft, m 1 Wi^SIM 1 1 t 

\cf$.Mhx. mm^mmi m (b) ci* 
5„ r.cDELOG^ftcDji@-e. mmtm^t^^mw(o 50 
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(0 04 61 Xfcic, 01 (c) \C7n-tJ:o\'. ^it^^ 

mmi iim&^itii>m-^\^^^'xm.m-t'bo co» 

DDarofl^i*o:*jSfeH±:1se5|g| 1 (b) <r>m^tm^ 

ffi t ±E t I^^T fo 5 „ 

[0 0 4 71 01 (c) ic^i-xoic. mitm^mi^& 
m 1 (omumm t mn&m^^^'^mtt'S tLxmrn^ 

m^h<Dmitm^m»(Df&S:i:ii^m\^x\^^^, c<75<t5 

m 1 (o^mm 1 1 ±{-«*i^i'fife« 1 (n%m^ 
mm^mwxh^. mi (c) id*-t-i5i-> j¥h^<d 

[00481 Hi (c) \Z7riirwm&mz.m 1 <D^SII« 

^mw^^i<omummxnmm^mw-<o)$.^t^^ m 
n&ux(Di&^\z.m\.x^%^ih^iioKm^\^xm^ 

*^tTV^5c McWmtmi (c) WDfliaoj^^^i: LT 

[01 (c) wd] [iaiF[!roMpgi5»*i [lai 

(c) row] SrfSltLTJg^^ixT'fcStro. 

OBgBfficBroft^ (d) t[M]lH5C»MP^»*i (w) 

w/dj)S. 0<w/dg5, MfC»*L<l±0< 
w/dg3. «'|>iif«U<H0<w/d^ lS:^-ri5 

[0 0 4 91 ^fig$nfclHtacD£3§e±g|5lc:j^^$ 

LT, ^■yx.tfdiglSilEBro;^ hy-rT'fiSrl 0~ 
20 urn. :^hy4:/fSiW, mUiomaU) ^2^5 n 



(10) 



17 



mt t-ct. J;v\ 

[0 0 5 01 ftts Ell (d) ISlWUfl 
#-g-tcov>TSi§^-r5o 01 (d) roB 1 coBflfi 1 3 

m!&(o:fjmthx\i. ±m(omi (b) , (c) oHia 

T*fo5„ fflL, 01 (d) (D^^\ii^mm^Ml^LXfj: 
-f, ^s/^v^^trj: ij^lcDMiai 3Sr?^^-t-54l-^, 10 

iLx. ^-yj-^^/i^xm&irMi^mc. 

mwm'&n^m^i-i>:itA^X'^6o -^tz. ^^^y^y^ 

^fflv^?^cv^ro■e> ±iaiai (b) ^tn^tcma^fl^fife 
■t-^.::ti65-ct5. 20 
[0 0 5 11 ISiroBDiai 3»J^W:i^ 
■f, ±Kiai (b) ^ (c) tPlilt-, yy¥2^fiU 

^ 1 romfl 1 3 roJi^^rof-'Y X, I? H^fflffioS: § 

i^, [!aia5iapa5^»^i*M«-^*-t-5^i<75S^t!^H^^i^ 

m.^^X\^-i>t.ttm^\^^\ ^IcOBDifbl 3(0?i^:t*S: 

7L\t7.Vy4-fm. (tagPiSU^)*!) Sr3~20/im, ;^ 
hy-fT'P^Pa ((lDgBJKSB<73tS) *3~2 0 /zm(??t,CD^ 
J^^-r5rt;65-Ct5. [!flgi5Mngi5;!i^fc^:ft-r5^1© 

J; 5 5 K^aro^S^ ^ ttSiSK^ ^# < -t- 5 r t ^5 
-e#5o Dfl^j£lH50i|iS^/£:< bfc»^l-tt, DflfS^jJg* 

[0 0 5 21 01 (d) O^i-g-, mi'^^^t!t!^«^l^2 

14, % 1 (onflia 1 3 <r>{h%^i%mm^&m^hi^^^ 
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m^mw2i,mmmm^i:i^o tfmi (d) (om 
fensro-c, iifiifi5Woa5to±€i5iiy -yi^^^ro^ b^-Y 

Ell (d) -CfOELOGfigft^rlBK^S^fclfe^^fl^ 
2 ±fc [Midi ^fl^fife-t 5 r i: *s«5{arolS«<0,^-e»* 

[00 5 31 01 (a) . (b) , (c) (DEL 

fe/if^aaSWJi^fife^SS t LT (4, mi ro^-fbtl^^^ft: 2 

fi. |giro{%»Mi icDffM§ti^-cv^?iv^^lfP±aw« 

bfJ:ELOG]$.M:<om'0mU-i.. 2 [UtiitToT t J: 
v\ <G<i(4, ELOGfi8.ft^lfe<3SL-Ctf 

[ 0 0 5 4 1 m 1 wxistcfcv^x, ^ 1 ff^mitm^mw 

2«rfifeft$*5>*?fei: bTI4, ^l#(cPg^$^^^^^V^;JS. M 
OVPE (*fil^««tfflfifeS&) , HVPE W KV 

>r h'f^mi^&m) , mbe (;5>TF-«i3:f^':^ri/-jS) , 

MocvD i^m^mit^nnf^^m) ^> sftt^^it 

(4MOC VDjfeiSrfflV^^ t^S3iaiSr=' ^ ta-^'H-^ 
v\ SfcSiJf/is 5 0m miyr-ettHv P E-C(4*ig;ftjia[ 

[0 0 5 51 ±ia^ 1 (oxmxnhin^mt^^nwm 

1 li:lfi5&t>*m 1 (!5[H]fi 1 3 0lM]^FB±la5(C|4lii:^^fl. 

[0 0 5 61 SfcSlc:, 01(a). (b), (c)S: 
tj? (d) tCfcStS^iroi^ilSil 1 ^5lO;» 1 roiHdi 1 3 

T'^s^lfcil&if^*^*^*^ 1 <r>ym:^^. < i - 1 o o 
< 1 0 - 1 0 yRtK 0 1-1 0 >rov>-fn:i^tDMtt*' 
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1 3(;)lHg|S±S|5(73^1(7?^'ft:!|^it^*#:*i5tC(4. ±16 L 
[0 0 5 7] IglWXfMWELOG^ftCl.t'Jlg 

5 ffi±<^^E{iiK«!Js 1 0 / c m' SXT. J: "9 L < 

141 0 Vc m'WT-Cfc5'f><7);45^lf 20 

n m~ 1 0 0 0 M m-Cfe O.J:?) #f* L < f4 8 0 // m~ 

5 0 O/im-efc-So :i<Dj; 5j^c»«»T-fo5 mtm^ 
Xit. ^l#(c:|5g^*t^''iV^;45^ G a N J; 9 ^iS^-ft!^*^ 30 

[0 0 5 8] ^^Wf-feV^T, ^'fki!fei|^5g{!^S« 

7rSi0^blS2iO^{k'^*##:{4ll^*^^xrt>, ^oT 
10 0 5 9] ★^B^cDg'fki^iiijU^Xtg 1 m3 (om. 
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!3Sr<5«^^5^i:*5-e#, ^ 1 OXSt-roE LOG^ 

^3W^^k;!fei|i«*<75^*ffiffiW^lb#BiL-C, ^-fb** 
^frS«1^^4(D^{b#I^^»:<^^^i:b-CtJ;<> ^ 
4 0S<b*|i|^»^*:<C»i?<^*»6))^j:5i:, %-ih%A(DmcM 

[0 0 6 0] £iTl-02~ill5^fflV^T, |g2©X@;*^ 

^b«!l^#^^:tS'i5*^il£^J;'?^j:5^axts2 i±icfiKft 

jfSSrl 0^m/I$ra«T0. 5 ;z m/lNFlg|«A±-C. ^ 

m (^2WXe(DELOGfi£ft) ICJ; i3lg2roS^b*2#' 
j»«i:2 2S:fiS;g^-a:6XST'fe5, ±mfS2(Dmti^^ 
mi^2 2^:^9:^^?>^^Mmt. ±|B<0 J; 5 1 0 
m/atrflKTO. 5i[im/B$Wet±. »*b<tt7Mm 
/B#F«mT 1 M m/BtPflfel±> J;'J»*L<(i5 Mm/ 
BtFamri. 5 Mm/^W6A±-Cfc5o fig:B:;tir^±iB 
jSHT-fcSt, ||2(DXfS<73E LOG;5£ft(7?^lC, Is^i 
weji«rM^if(cmij-C't. *fc^2roa^h;*i|^lt^*2 2 

[ 0 0 6 1 ] H 2 C0XS(-:j3V>-t, ^SSS 2 1 t L-T 

(Di:5t£ho:>XhBi<. ■Bsj?L(i. cffi. Rffi. X(4A® 
^^mti-^b-^yr^T. ><;f^»'w (MgAi2 04) (O 
J: 5 'Jci^ii^'ttSiK, SiC (6H, 4H. 3 05:^ 
tf) , ZnS. ZnO. GaAs, Si, RXJ^mtm^ 

W^^<r>±m^^yri^iffV^iriX\^^t^\iLiP'l'o 

'pf£<t£^o 

[0 0 6 2] %2 (nmtm^nw 2 2 1 b-cii, ii#(-ps 

^$^^/J;v^^s. g a Ni O f£^mtm^M'^iiH^-^ t 
V\ m2(Dg{ti!feij^««::2 2(4, TI^V-ZTX 

22m, T>Y~-fXh^t'^^B>&.(DiS.XW-^L-^\ * 
fc. m2(75XieT'COELOGfi6;fiCDi?(C, tuEHl »X 
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2 2 2 oBifftt^ !i#i-Pfi^ * n-r^ '>^^ 

< itlgic^'Ktil^i i^^i'^BOiQi 2,^WL0^h<r> 

L<ttl~5 0 Mm. j:»3»*U<tt2~40M 
m. $P,tC»*t<{i7~2 0Aimr'fc5o ±E«Sfflc^ 

to 0 6 31 ^2<^xmt-fc*v>-c, %2(nwm^^'^?- 

U-Cti. ■P4;t«#BI¥l 0-7 7 24 5, 1^10-27 
5826, PIlO-119377, IpIIO-1 3 283 
1, P)l 1-3 7 8 2 7, 1^1 1 - 3 7 8 2 6, PI 0 \ 
-1 4 6 4 3 l#-§-(0g^illB»^tC|2«SiX-CV>5ELO 

[0 0 6 41 ^2WimJ-iSV^T, ELOG^ftiOj:{il: 

-cv>5?is, '^Jifilll2lc;^i-, m2ro(sailiil 2«:fflv> 
54&#t, fg2<D[!flfll 4^Ji^^K-r5*-&4r*lf'Cll2 
OXSO E L O Gfig:Sro-|IJgWff^«i^ieiTlCiaM-f 

5o mi<r> (a) ~ (d) ic, m2<?^x®(c^s^t5^ M 

2 1 ±ic, « 2 <Di*aiiK 1 2 2 wtfflo 1 4 

^fflV>T^T 5 E L O Gi**!:: <t I? # fcnsm 2 C7)^^b!t^ 

^■To H2 (a) tt, Mas«2i±ic, W&<n> 
^■fk!fe¥*ft 2 5 Sr^ft * <nmm±i^M 2 ro-t^il 

IKI 2^$|55>Wi-?l^^L, fS2(D^mmi2i:J^0.\^rc 

nmomitm^mw 2 5 ^^m-t^ ' ^''^ 0 

2 (b) 14, ^a»«2 1±lC, ?l|Sf cD^^b^^il^^^: 2 

^ U, :: 2 1 2 Sr t 2 roiE 

{ktiN^'»^*:2 2 4ri*ft$*"t?ic5mitfe8(rffi0t'fcS, 

1112 (c) 14, ^mmm2 i±(c, »)if(o»t;'i^jH^««: 
jgfigu &n±.m^(Dyf.m2(D%mmi2tj^}&L. 
W8ffffiin?fc?>o ia2 (d) SttS«2 m 
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mi^2 5\cm2(Dme)i ::©^2(D[vflfli 

4 SrJ^fife L/cB±l^ll 2 CD^<bife*««f 2 2 Sr^S** 

[0 0 6 51 ±nmm<omm^^^2 5 1 ut«, # 

t^i!S^*tv^^CV^^S. G a N J; t) /iS^-ltife^^fr^^^lf 

Mm.. m^\am9o ox:um~i 1 0 ox;, »*u 
< tt 1 0 5 oic-eMas«2 1 ±ic^K:S§tv«'. »)ii<^ 

^, J;V3 jf*L< I41~5 limCOBIff-tJJ^^'tSwtdS 
siLv\ »)||»m#l^^«^2 5(OlK)?tt, ^2roi% 
ailKl 2^11 2 00301 'ii:1»f^ir^tzif)(ormmtfs: 

[0 0 6 61 *f^, ^20Xaiw33VNT, 02 (a) 

yff^2 5Srfigft$-a:5fl9 (i^filoa^b!)^3H^#«=2 5Srfi5c 

jftL-Ctt, A IN, GaNs A 1 G a N, InGaN 

«;65ffiv^F,^^5„ y<vyrm\%. 9 0 0'C^:iT 3 0 0"C 
Jjtirom^t?, IKffo. 5Mm~i 0;rv^^;^hD-i^ 

9 0 0'C£ilTOta*t?Ji^^t'5 t , 2 1 {:^« 

fC^IE^^fP 2 2 2 <Z)«stfc^5/>7fe < 

[0 0 6 71 112 OXmiCioV^T, ||2 0{*aiKl2W 

5„ m t, ig 1 (Di:u^\-imm^m^%^ i ±i-^ i 
wijfegiiiii ixtt^ioiffliai 3«rj^fife-f5oicjprL 

T, |g2WXa-t?ttSaK«2 l±(c;3jc:ft$ixyt»l»<^ 

[0 0 6 81 :iCl-C\ M20XecOELOG^ftlCit) 
# P,Hfcmfc*i|^^3l#:»« 1 ^ 1 roxa<0 E L O 

GfiKSA^^T^^ixSiiS, BlOX@WELOGfigftt^2 

oxmoELOGfifefttfi, pl--e%s?io■cv^•r'bJ: 

V\ -Pilx:}*, |g2OXaoELOGfiKft*S02<D (b) 
Oj^^^Tfet), :*lOXm<OELOGfig«^50io 
(d) 0*fe-C'fc5, 4fctt^2CDX@-e{4B12 (a) 

o^i*-t', mioxg^sBlio (a) (D:ii^xhi>m<D 

50 gi||20XS-eroELOGfiKJ^W3ims •stt'^ffiW 



(13) 
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[0 0 6 91 mim^mWmm l «r«l^-r a G a NIS^ 

tlfS2roxsfc-e(*siBi^Bflia^ci^^J^)5ic-f^^> ^1 

roxm-T) E L o Gfifeft;45S» t mm^^^^-f-^ 

1 ff3^-fb!^^^«i2|s:2 ''iSftl^*^*'^" 
3 7 7 ?/ h ffi y 7 7 ffi) ;jS^^b!fe»i|^«»WMflll 

L ^l(Dxstll2<z)x®-efflv^p>n5)^*Sl^■^Iaa 

[0 0 7 11 lftlELfcJ:5lC, ^2roX@TffiV^ 
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10 0 7 21 SlC»*LVN^a^^i:L-Cl4> (0 0 0 
1) ffi[CB]«r±ffifci-5^7r>fT, (112-0) 
B[Affi]«r±St-rS-^^r^^^ (1 1 1) 

iffit-rs:^v:":t^^^^'fc^o rr.-e^a»«^5. (oo 
0 1) ffi[cffl]&^ffit-r5t7r-fT-efe6fc#. «9 

<D:^hy-C^mi^iK ^(D^yr4T<D (112-0) 
ffi [ Affi] {t*f LXSE't ^ H 7 ^'^''^ ^ ^ 

t mim^nii^<^ (i o i-o). [Mffi]i-w*t«3f- 

:/^/KDpr7:fte (H 8 lei^i" e ) tt»*b<f4o. i 
° ~o. 5° , i?)»*b<i4o. r ~0. 2" -cfc 

% 0 7 31 (1 1 2-0) B[Affi]4r^ffit-t5 

fl^:|^l4^wi^:7r-fT<7) (11-0 2) SCRffill-J^l- 
4fc (11 1) ffi^i®fc-r^^t-;^;w-Cfc5t#. tti 

E[afi(DP^h7'f7'J^^f«<^^t'^^l"^ (1 1 0) ffi 

\c^l^xumvtci>K *5lBJ^c^5v^-c1^7r'^r»AB 

&t;tRB, ;.t»^;v.;5 (110) 
*,6Jl^^Suav^<o^, -4^5,a5«lr^l<^»k'^^DJ« 

[0 0 7 41 *^M^-*5v^-cfflv^6>^^^.lla*«2 if- 

S^i3^t-r5■!^7r-rT*fflv\ MditiiJ-^r-f TAB 
-t-2.0 ia7(l±ffiWco-f-7T-^'TS*S<D¥BH 
r— ^av-^y yb (*';7 7) B«:ABfc UTV^5. 

ftL(^<vMi[6]i-fc2>» ^^o-cABi-«<--cSia'^c*i^ 
<r>mm^mwt^^f£*^ o -csKft u^-t < 'fc •? . e l o 

[0 0 7 51 mc. Am^mhi-^i-yr'<rmmi: 
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[0 0 7 6] ^itl^\C, (Mg A l.O*) 

^^W^*ffi§: (111) mtL. ■^^) yymi: (1 1 

0) mt-r^t. mitm^mmt. (i i o) Mtc^ftLT 

[0 0 7 71 ;^:38?^<o^«*?^lci5V^T. Hate 

^■ri^tw, maiDxmx-ii. ±iem2(Dxs<7>ELo 

^ft-iS«4r 5 0 0 m/^WiJlT 10m m/mmU± 

±ia<^ J; 5 tw 5 0 0 M m/^pfl6iT 1 0 M m/'mm:i 

±, *f * L < {± 1 0 0 1/ m/B#rrBWT 5 0 /z m/li#Ffl« 
3(Dmtm^mW2 3(73^ft®2)S$M^fc?'£'9 4f*L 

[0 0 7 8] m3(Di:mx'mA^jn?>m3(Dmtm^m 

3 wSfb'fe¥^«f 2 art, TV K-T'-Ct^iWiJSr K- 

[0 0 7 9] ^3 nmm^mw 2 3 wKff hjieii 

<Dmm^mi^2 3o:>mmtLx\t. mzm^^iv^i^^ 

1) K w^(Dm 4<Dj:mx{}^fi< t tmmmm2 1 stK?* 

6«jncMffttT«. »*L<«5 0ium~1 000,i 40 

m, J; i!)if* L< (±8 0 m~5 0 0 MmT'feSo 

j;5^£«5H<^i«i*T-fesi:, m3<Dmitm^mi^2 3^ 

[0 0 8 0] ia4|C>j^-rj; m4(DTMX 

^3(DiMxm3<Dmtm^mw2 3^^^mz> 

Mit<^^'^i^2 3 Sr'|--r5^1 (OXaX'fflV^ibixS^'ft; 

LTn, 'M£< ti>mmmm2 i^m^^nx\^^tn-£x 50 
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<. la2ro^<5'77®^ »McOS^bifel^^^*2 5. Xfi 

m2CD<*si^i 3ii^*LTv^Tts mmi^^*)^Mm 
tm^x^ ■&„ sf * L < nmu&m 2 1 ~m 2 (D^'(fc«i& 
5|i«f!i:2 2 4-e!4S|^s?*$^^Tv^5^:. m3(omim^m 

W2 3(n>iR^ (Dmn<D.^.xmt. u < ^ Ht-»sm±<^?g 

^^^itbt. y^3<Dmm^mw<n-'n-ix^'m^i. 
-c t i v\ ^ 3 nmm^mw 2 3t^h 2 1 ^ 

%3<DWm^M'^2 3^%\(niMX(r> 

■mM^'^^w&^t-r^m^. %3<n>m\M^m'^2 

3<D^aS«2 l^SrlS!fe*tfcffii:ttR*f<Offi±lcmi 
<niM<r> E L o G^S;ft ^tr 5 » 

[0 0 8 1] ii>C(C, m5(DX@^>fi-r^>^-&(-OV>Tl5i 
§^-t-5>. El5ic^1-J; 5tc. ±E^4 0X®^lc:, Ms 
i^XSlCfc-V>T, ^3 0a<k!|«5i}5^««i:2 3roMtt3l«2 

m/'B#PflJii,T 1 0 M m/B#P^K±-C\ m4Wa{bifeiji 

^i^^^^ft^-arSo m5roxs^=fi-r54i-a•l4^ miro 

XS-ewUftilfeil^^^ff^StR 1 (i, '>^£ < ^ 3 
[0 0 8 2] :*:^?gro^S:*m{C*3V>T. ^5 0 

xe^^-r^^-g-. %4(rymtm^'m^2A^immz. 

^sco^-fb^^^^J^Sr^^L, ISl<^)X®•t'fflv^ibi^5 
^{b«j4^i»*«tK 1 t LT, m 4 ro^jb!^¥=^«: 2 4 

ro»k#)^^f*2 3Srl^*L-C. ||4(D^{bife*^#:2 

4(;)^»^{c-t-5i, |g3i:lg4(Z)a-(bi|^3^*«^i:<^«#lfl5 

LV\ ||4co^^bte^^#:(?5^^^:^l©xm-efflV^5^ 
{bteii^»«c»tg 1 1 H 4 w^^bi|^¥^ft^<75ill 

i|#lC|!S:£$ixncV>;aS, t^iJttl 8 0 ~ 5 0 0 M m© 
[0 0 8 3] ^4tD^^bt)*^«^2 4i: LTi±. 

:£$4^'^^v^;4s, ±mm3(omm^m»2 3 tmm(D^ 

±13(7? J; 5 t:i 5 0 0 m m/!tra«T 1 0 

•mw2 3^f^^^'ti,m'^hmm.xh^, z(n)i.o\m 

mM^2 1 Sr^*Lfc^-C% %3<r>m^m^MW2 3<D 

ro2jb#i4^*^^ 2 3 «s t) ^siis)igc$n> m 1 (Dxw^f 
(fk^mi^ 2 4 ±(c±tBB 1 (^xu^n o^mt 
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10 0 8 41 ^4 (omitm^'M^ 2 4 (Dmmt. 

^mW- 2 4 cD^ffO'&W-^^ 1 0 0 0 M mglT. »4 U < 

[0 0 8 51 ^jtic, ±m^m<^mm^mi^nm:)j 

[0 0 8 61 ^fc*fSP^t^*^v^-c. »*bv>ait#3^« 
L < tt;^ h 7 1 ro-KSIIi 1 1 (D^mmhU 

fiX^oa^sicioT. miw^<t!^^^«^2«ffio¥*s 
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[0 0 8 81 [SJIt^l] KATICSI (a) lixP^iX^ 

<t!feit^^^*=(^»«*8ii5t$^tSX®Sr7j^i-. (IB 2 (OX 
4 <DX@(i0 2 -121 4 

[0 0 8 91 m\m^mv(imii<omm 

;ry77ffi«rAffit-r2.-9-:7r-YTa«2 iSrfflv>. 

hU fiSSrS 1 O'Cl^iLT^ ^^y T;tf^l-*i^. W 
pt:»7^\zry^=^rtTyLG (b y p'^/v:«^y 'J'-^) 

[0 0 9 01 /<y7r«^S^x TMGK)^±*-C. S 
S^i 0 5 oic4-e±#*-^> 1 OSO-ClC^fofcb, 

>■ K-7-G a N i D 7t5»|g|roS^bit«!l^««= 2 5 S: 5 m 

«c2 5fcSr««bfc'>*-^^'^> tomm<Dmm^m 

|*:2 5W±{c;^V7-f7'^^<^7;j-b-^^^'«:J^fifeU C 
VD^WJlJ:^^ Vy-C^^l^ Mm. ^^2 miKOS 
i O, i^i^i5^2««!Sl^l 2 4:0. 5M mro^»-e 
j^/^-f?.. m2(Di%ai^i 2(D;^h7^:/:^i5rt 

[0 0 9 1} ^2(D%mmi2i:mi$.^. ^;^-/^«:M 

ocvD(;3Rj!&«SSti^i-^ 1 0 5 0'Ctc-c. 

iCTUG. Tl^^^T. v'7>';«f^. Cp.Mg (V^ 

:T=*«6!|^Sr5Xl O" / cm' K-^^LfcG a N J: "J ^^CS 
^ 2 (Dmitm^'^^ 2 2 SrMO C V D^Kl- i i? 1 5 
m<OKm-efiitS^*5. S i tMg<0^*B'»«B2roJ 

iti^i^m^w-2 2ff>m^tm^\z\''~-'^^i^^' ^ 
Vo 0 9 21 nhfiitfii2<Dmmmm 2<om^ 

CL (;5;y-K/u5;^^-y-fe>'^) lei ^ 
2CD'(SSII^1 2±§l5tttiiA.^*SfB^Pfe*^^e'iT'i'^ ^ 
«i5±^f4 8 X 1 0 ' c ra' @«m»J ^ f^1to m^mS 

[0 0 9 31 (^3 (Dxfs) m^. % 2 <Dmm^%'^ 

2 2±lC, r>'K"7'(;>GaNd»b^j:5^3ro2^l:i|«3^ 

a|{*:2 3 SrHVPE^Sl-J:9 2 0 0 <i nirofil»-C^* 
mt. |g3(0^^b#5^»*2 3 0fi£«^S«:. 
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5 0 Ai m/^F4t tfCo 

(0 0 9 41 4 (oxm.) ^3 (Dmtm^mw 

f*:2 4C5;^(0^jk#/^i^ail*Stgli5#bn?>„ #e>tT.;fc 
m 3 (0^^k*it!^«i*: 2 4 rcif- 7 r -I" T^tS^c i'Sr^^S L 

ife)i#a|^^2 4 cofifeftffift. 1 x 1 0 

[0 0 9 51 C*l6M(©»«»Mji] 

m.WM^'m^W^ 1 ±(' , H 3 (7D^^b*#*f* 2 3 (D^ 

*Bro>«. h 7 <?: ¥tT t ^j: S J; 9 ^iWc 

1 1 S:^ 3 (Dmtl^^^W 2 3 (7)^;R;ffi (l^*ffi i ftR 
*froffi) {C. ±iam2(DXa-effMLfc:^2ro#aiffil 

roM'(ki»^^^2«rM0cvDilS-ci 5MmroM)i:-e 

||lcDm^«^^#:2(D*ffi(Ofete«« 21 

1 (0{*aiiBi 1 1 ±«?rom 1 wa'fbii^j^^f*^ 2 «7>^ffiici-± 
[0 0 9 61 mmm 2 ] mmm 1 (r:fcv>-c, ^ 3 ox 

@-C^ft$n5lg3w^'ft:*^iji««^2 sroi^ffSri 5 0 
umth, Wcm4(DXg«tCTISm5»XfI^iiiDi- 

m5<DT.m) f-7T-fT»«^*l!**^?tl.fell3(0^ 

^b'^itii»f$2 3C«^ftffi±|::, TVK-T'OG a Ni4»b 3 

2 0 OMHirofllffT'^A^*?) (0 5) o 

[0 0 9 71 '^bMtm3(Dmtm^mii^2 3 t»4<o 

^^t^i^jjiSg^ 2 4 P> Jtt 5 1 ± t« 1 

WXaroELOGfig;S^£r$-i3r5o ^3 wa'fb!^ij^^*2 

3 o^feftffilc^ 4 ro^<b«j^3li!tJ 2 4*^^ft**5i:H 

[0 0 9 81 mmmsi siTicmi ih) \z^^i^?> < 

^t!^ijtig^cDXtRSr8Sl®S*^XS**i-„ (112 ox 
mi^^fe^ 5 oxmiiH 2 ~ia 5 €r#fi8) 
[00 9 91 (IS2roXS) SaS«2 1 i LT, 2-f 

>'f-(|., CffiSr£!i^;U, :t!) 77ffi?rAffiti-5■»^7 

icrv^-r tTMG (by p<^yw;<ry !^A) i^ffl 
(la*$i^•rv^/£^^) ^Sr*^2 0 0:tv^^;^ hci-isroiiS ! 
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[0 1 0 01 ^^s/^rSSr^^ft^. TMGCO^±*-C, 
?a«tr 1 0 5 0t::£-e±# l O 5 0V\Cfj:^1t 
?>, lSJ|sf:<f^(-TMG, T>'^-TSrfflV>, T^- K-7° 
(D G a N i 9 Jte 2 5 2 *i m<Dj^ 

[ 0 1 0 1 1 mm(Dmitii!>^mw 2 5 srssts^, 

:bzt\ci.*}mm<r>mm^m»2 5<Dmummi:miii 
y7m\cMi^xm\S.^i^i^X'mi^-t=bo coi5i- 

[0 1 0 21 li)!ioS{ti^it^i^f*2 5I-, mCi^rJ^^L 

fcm. m&i:f^^i^tcmm<Dmtm^m^2 5(D^miz 

2 2 0[iQ$K«ffiO«^flI^3i 5/ ^ V / ic i 

2 oisaiBi 1 2 ^nm-ti>, 

[0 10 31 ^2 0^*SKl 2^M^. MOCVDO 

SJ«;^i§i^t--fes' H tfiSS: 1 0 5 O'er-, mm^:^ 

(CTMG, T^-^^^T, i/'y^y^^. CpiMgSrffl 

J^;S:fc luetics i tMg<0^iK^^^Sr5 X 1 o" /cm 
' K-^bfcGaNJ;9^£5m2(D^^l:!^^t^W*225r 
MOCVD^atCiO 1 5 MmOK»T-^;ft^*5o a 
H 2 Oll'ft^¥*^*: 2 2 ro^ftii^tt. 2 /it m/^ 

[0 10 4] '#tixfc^2<7)^{b#)*^^2 2ro«ffiSr 
CL (;&y- K/ws:^s'-fe>;=^) i-itm^-fsts 

[0105] (US roxfi) ^ 2 <Dmm^n^ 

m^2 3«:HVPEi?»Cj:iJ 1 0 0 fi mWffi[^-efifeS 
$-ti:5„ fat, m3ro^{b(|«5*5Stf!fJ2 3 0^Sftii«f4^ 
5 0 Mm/fltrat tfco 

[0 10 61 (^4(Dxa) isfct, m3ro^^b*^^1^i[«^ 
23S:fiK:S«{C, f-7r-<rS«2 l;6^e>^20S>(bife 
H^^^: 2 2 ^ -C-?r#li(' i 1^* 3 oS^kl^*^ 

«^2 3(0;9-i-f5. ^3(;)^fbt)^»0:2 3<DK^*ffi(C 
fi. m2W^^k«jH«^ft:2 3(Z)^BlCi3-r*^{w5>*Lr 



31 

[01071 mS OXfl) d^K. % 3 rom^k*^^* 
^ibi^^i^^^ 2 4 «r> HVPEi?«l-J:t), 2 5 0 Mm 

t m 4 cymYM^%^ 2 4 i5> b 'fc 5 mitm^Mi^^^ 

mz (b) ] (D^ffiici-i. i:>-fy6>^j:*att;iMiJSi^-{- 
1 0 1 0 8 1 (^1 roxfS) ±l5rom 3 

2 3 tB4<73^<li'^^^*2 4A^b'fc5^^k:#5^*^* 1 
1 l^B4(7)^^k'^^a!t*2 4(Dflfeftffit-> ±K^2(0 

1 1 srffM-r^o m 1 <^'(%a)^ 1 1 ^ 

l(D^'(k!^^2»f*2S:MOCVD^a-Cl 5 m ni(Z)KJ¥ 

[01091 [|liiW4] tiiTl-iai (c) roS^g^P 
iff -^v ^ -ciE^-r 5 , 

iffitL, ^^M^Affit-f-Sf-^r-fTS^l^r 

J;i!)^j;?)/^y7TS (ll.^^S^^TV^/f^^) Sr»ft2 0 0;# 

10 1 1 Ol ^^y7rStrfifeftm> TMGOJ^fJhfe-C, 
?a«t:l 0 5 CC^T-ift^^irSo 1 0 5 OlCtc/jofc 

(DG a N J; "9 2 5 Sr 2 mrofflS 
1 0 11 1 1 2 5 Srfig*^, ;^ H 7 

izm 2 (;)»giM 1 2 ^m^-t^o mmm<oi>B a tttsi^ 

yi-]}7ym\cmvxmmf£iy]^X'h*). mm^ 
■mw<oymi5^\ciKi\^xm=si3^i:fii^. 
[0 1121 %2n^^m.mi 2^^^. 
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-fe5/hL. ?ag«rl 0 5 0X:-X?, JS!|s^;if;^lcTMG. r 

{CS i tMg©7FSfi!l**5X 1 O" /cm' K-7'LfcG 
aNJ;»)'^c6f|2<D^^b*;¥*«=2 2t:, MOCVD^ 

acij:^). 1 5Mmro)iiff-t*^ft^-*S. ®2 0^'(b!fei 

ii£^^i*:2 2CDfi£:ftii^('±^ 2 mn/^ISITfcS. 

[01131 (|g 3 roiS) 2 nmm^mw 2 
2±lc, TvK-:/<73GaNA-b'^j:5m3roS^E!^*3l 

[0 1141 (^4(«XS) ^3ro^jbf|fe)^^««=2 3Sr 

1^77'fTStSJ5^blg2^os^^:1^5^»^*2 2* 

T'S:1^*U %^(Dm\Jk^m'^2Z(n>yi-tiri>. B3 
wm<b'fe¥*<*^2 3olsSs*ffii-r±. b-r*>'ic*Blt«^»2 

[0 1151 {m5(D:Lm m<r>mm^mw2Z(o 

^ftffi±t, T^K-7'roGaN*»e>'t5f54<7)m<b* 
%jS{*2 4Sr. HVPE^«l-J:»). 2 0 0/xmro)8lff 

20 ±rox@*ig-5 ic J; t) . ^ 3 rom<bf(fe^««^ 2 3 t 
[02 (c) 3 «r#5c:fc*5t?#5„ ^#btlyta^bt)^f 

ai^^Xffi 1 (D^mia-i 1 X 1 O' «/ c m' ®a[eD«G^i*5 

[01161 (|g 1 roXS) ±Ero^ 3 coa^tti 

iii5$f^:2 3 t^4(Dmtm^'^W2 4t-hti:i>mt<f^^ 

^-fT'llflSS (iy]§|5(;)^n$P(Di|Sw) 2 Mm<75S i O. J: 
30 l5/<£?>l|lc75{Sai^l 1«^0. 5 Mmrol^ff-C'?i^L, 
!i^V>-t. R I Eg1HcJ:l3[ala5'(BJan<Di|igdd5(5{S2 jtm 

% 1 <o'mm 1 1 <75^ h T-^f&jti. % 2 (D-Kaiig i 
mm 1 3afo5MW:J^tsiro 5 *,R-©M«i;^i«f] 1-^*1- 

[0 1171 ±iBWj;5l-iaa5±«IS«^^tc|Rl(^»ail^ 

1 1 ^mi^ ufcs, 1 (omm^^ 2 3 0 m m 

40 »|^)?-Cfi£:S$-y:2.o mi(Dmi\:m^mW2(D^m(OiB 
tmi»^<tt)2i^««:2A>e)<e5)S« [01 

(c) ] ^#5::i:^5-r'§5„ 

[01 181 immmsi arte, @i (a) tc^sn 

(^2<OXSi4>e>|g5<DXatt02 (d) ~0 5Sr# 

m) 

(iS2roxa) sa«*S2 1 1 u-c. 2-f:^^*, cb 

50 ^iffitb, 77ffi«rAffit-t-5■^^77^T»«2 



(18) 
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[0 1191 /^5/7TS^fi^^^> TMG(D^±^X. 

tag^i 0 5ot:*-e±#§-y:5. io50t:(c^iofc 

S i^rixio" /cm K-^tfcGaNJ:'9/£^. 
«liiWE'(l:f!^9*^«i:S 2 5 2 M m®l^if:X'fiKft 10 

[0 12 01 nm<n>m.\m^n'i^M 2 5 ^ b 

i O.M5r?f^^U m^t, R I ESEfcJ:'? 
S i o.liIcDffMStiTV>/j:v^$I5^ro»Kwm^b!^*^ 

«c« 2 5 ^if)^<7)^<bi^^«<*2 5 tm^n.mz.^^i^ 

[^^Kc7)^ftife^5'«*2 S^^mS-*?-. DHa^rfl^fi&L- 20 
/c^ ia?fB±«P« S i O2 «rl^*-tS ^i;lc<t'3l^2(7) 
[Hrii\4«rJ^fi)c-i-5. fg2(750fliai4<73Xb7'f 

[01211 ?>ctc, Rjs;^^rtt--fe y ^ ^> 1 0 

^fflV^, TVK-7'(;5GaNJ:^)^i5^2(0^fti^^# 
f$l22Sr. MOCVDgfitCj:'?. 1 5 ft nK^BDSt? 

10 12 21 (^3 roXS) J^IBB 2 0^<t;i^*»«^ 2 30 
2±tC, T>'K-:/'75GaN/i-e>^j:5^3WS<ktfe*« 
ii^:23i:. HVPEW-i'3> 1 0 0 m mrolBlff-efife 
«:*-a:5o fifeft5i«li, 5 0 m in/B#Ffl-^fc?)o 
[0 12 3] (m4(DXm) ^3<Dmitm^Mi^2 3«r 

^ft^ic. f-7r^Ta«id^e,^2(^S^bti^^^4^^ 
1 0 1 2 4 1 (» 5 roxfi) ^ 4 (Dxm-e# C>tifcm 3 

ro^'(l:!^ii^»l*2 3(73fifeftffiJil-. ryK-T-wGaN 
9. 2 0 0 *im»)8lfl^-Cfi£;6$-frS. ^ftiiStt^ 5 0 40 
[01251 ±fB©Xa?rS2) Z.t\^X^.^2 (DUit 

m^mw 2 3 1 » 4 (D^^b!fe*»«^ 2 4 b 5 m^bt» 

fz. tfz.. ^3 ro^'fb^il^*^*: 2 3 <D^.^ffil-|-±^^i<^ 

i6SI,^^V^CV^;55, 0$|5±a53!.^e.fifcfi:bfc§l$^^l-f±l X 1 
0 ' «/ c m' m«<7?«5ffi*5B 2 roHfldb 1 3 ro;^ h 7 -f 7" 
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[01261 (^lOJXa) SiklC, 01 (c) 

±Eom3»^4b«!iil^»«^2 3i:!g4©S 
•ft;ffe|if6^»i*:2 Ai>^ht£^^\W>i^MW&W- 1 ±1-^ ±S2 
^ 2 (DX@-Cff^J5)cUfcll 2 ODflfi 1 4 t infill-, « 1 <^ 
dflfil 3«:J^fifef ^aU ^iroDfl£,13 0;^l-9>r 

5 i 5 1^, 3 (DWm^^'i^ 2 3 
U-C V > •& k b 7 ^ T-M^-^e^i i= fc 5 i p t-J^^i" 

Tiio ^rolSlWDflfil 3^*i-5±f^TVK--^<OG 
a N75^?>'i6|g 1 </?^^btl^^#<*2 2 0 nK^l^fft? 

[0 12 71 iMMm 6 ] nMm 5 ^ct3v^T. m 5 »x 

@-e^ 4 romft^^**^ 2 4 3 0 0 M mK)^llt?fife* 
U !il£2 5 0/im©M®»^4O^ibt»i|^»«^2 4Sr 

m\ (oxfiT-fflv>ibn?.^^b'!^*«*s« 1 h-fi>im 

[0 12 81 EiTl^, ±|B*?6?^«m<t1^^««^<^'** 



[0 12 91 (Ti'K-:^nSI='>'^'^ t-S) tS^'^ 

o'C-eif.!|sl-;(/;=^(-TMA (hu pt^/wT/V'5=!>-^) ^ 
(n®=j>'^^'H7 2) 5^(-^ mm(n>\§^x\ WM-fS 

;^(CTMA, TMGSt;5ry*-7;«f;^SrfflV\ ?F*fi4& 
;!f^lC->7>';t/?^ (S iHO «rfflV\ S i 3 X 1 0 
" /cm' K-T'LfcAl..^ Ga^» NJc'J'^iSnM 

[0 13 01 (^7 5'iJ'8S±«7 3) ?kJC, ?aS«r8 0 
0"CiCU-C, ll!lsf;<f^lCTMG, TM I (h^^^/W 

S i«:5Xl o" /cm' n 
.« Ga.« Nj;«?'S:5^'73'i5'S5it»7 3S:0. 15 
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[0 13 1] (nSi^^y K®7 4) iJct. Jl^iSrl 0 
T«rffiV>, T^K— y©A 1..I4 Ga,.« NJ:t)<c5A 

i*5X 1 o" / cm' K-T-LfcOaNiOTtcSBS 

Sb, 0 0 0:^>'i/;^ hn-A(0#®^ 10 

[0 13 2] (nm^ff^ KS7 5) !S>:(C. 
7°OGaNJ:t)/j:5nS:=f/^ KS7 5<S:0. 0 7 5 m m 

[0 13 31 {mmmr 6) mdm^8 0 0V\ZV 

]li^;i!f;^JcTMI, TMGS:t;^T^^=T^fflv^ 
^m<^:ff^tLX'yy>:if^^m\'\ Si5r5xio" 
/cm K-T'Ufc I n<.oi Gao,« N i 19 2) I^MS 

T. v'7>':^^^ih*, T:^ K— /» I no.ii Gao.89 

SitSo ro^#sr3[i]iit)SL, mmmMmi:mm 

[01341 ( p Mm^r^ Cjiit)* 77) jUcfC, H^W 
/w-r^^^^e^lJA) Srfflv\ MgSrl X 1 o" /cm' K 

-7"LfcAlo.4 Gao.. Ni^li^C^pSm^PlfltjAJ** 30 
7 7Sr 1 0 0:t>'yy^ h a-i=>(D^/f:-C'fi6;:ft$*^„ 
[0 13 51 (p®;if'i' K®7 8) 2^tc. ?a«4rl 0 5 

T^K-7'(DG aN<ti9^^5piS;<f-r KS7 8 5r0. 0 
7 5/imroi^/¥t?figft§-&5o :iropS;<f-f KS7 8 

S7 7*^broMg<oa:»tCj;!9, Mg«a[^S5X 1 o" 

/cm' t'^it) ps^*-r<. 
[01361 (pM^'^y K«7 9) 2>Clc, 
■C^ lSipf;;t/;^lCTMA, TMGSO!T>'*=T%fflV^, 40 
Ti^K— 7^(73 A I0.. G a 0.. NJ;'9?'£5A^S:2 5:t>' 
^<;:^. hl3-A(75lKS;-e^ft§-l*. icV^T, TMA^Jh . 
ft> LTC pzMg ^fflVN, MgSrSxi 

0" /cm' K-7'LytGaNJ;'3/j:5B«^^2 SpJ-^- 

*ix**|xl 0 OlH]i^>3 3gLTA®t BSroaSL, ^flS 
m5OOO:t'^i^:^hu-J^(D0-mm (^l&^-«it) J: 

'9''£'5pS^7 5' K®7 9=^fig*^-fr^), 

[0 13 71 (pm=^i^^^ VMS 0) m:i. mm<ni^ 

®i|S|-;^/>^(CTMG&0«TV*-T^fflV\ 50 
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LTGp»MgSrfflV\ Mg Sr 1 x 1 o" / c m' 
h'-Z^LfcG a N X*) pM^iyf 8 0 Sri 5 

[0 13 81 Klt^m^. S/|:^«rtl-*3V>T. 

^S^^IS^f, 7 0 CC-crn- y yi/4rm\ 

S i O, J: !3 ?:c-5»^)!f i^J^fifebT, R I E (K^Stt-f 
V^Jft? hJi2©«ffiS:«l±l^?-a:5o W-010 (a) t 

:^\-y4ymi. 8 urn, m^i iimxm^-ti>c 

IC. 010 (b) lC*i-J:9f-ll3(Di*ai0|6 3J^fife 

RIE (SJ«tt^^>^5'^^^') ^Bl'J:i9. C 

isiii<7)tsgiMSr:^?'f-v/tT, ;^ ^7'1'7"4^^-r 
5, ^<r>m=^'y'^>i^mxi!\-mvxy^huiP:x. Y(r>7f. 

^l^*-t-2>::fc{-J;'9. Blio (c) (c*-fJ:5l'pW 
^J^'^'i? hS8 Oro±tc;^ hy-l'T'til. 8/im(D^l 

[0 13 91 121 1 0 (d) ics^-f :^ y 

s i c i,^y-^mv^x. pmi=i>'f'i^ hmi 0, 
xj^pm^y-yh'M8 9^^yf->i^Lx. jxf^^-y^e 

I. 8 ixmCDV y i>m'^<r>:^ Vy^-fi:Mir^o 

y •;/v'?i^^ro;^>9'l'7'«, gl9^c*i-i9t-^ E 
L o Gfig* ^tf 5 1® I- Ji^fife L-fc^ 1 1 1 (r>±.U 

«|;i#i3lt. El 10 (e) (cs^-Ti 5 1-> Ztm^^k 
(i2:L-CZrO.) J: "9 2 ro^tH»6 2 Sr. ^ 

iro#aifll6 lCO±t, ais/f-V-ZlCiDSttS^Hfcp 
«^'7S' K^7 9<75±ICO. 5 AtmOlifi?-Cjii^U-CJg 

»*Lv\ ^ ^-^^-^y ym\zm.m\^. mo 

(f) lo^-rJ:5tc. ^iroismMe iSry 7 

[0 1 4 Ol ?>:ic!gi 0 (g) {C7p-tJ;9(-. pW=i>' 

Lfc-^rWpttiJ^y^^ hS(73*Bie:N i/Auii^/i^ 
pm«2 0Sr?^^-rS. ■flLpli®2 0«1 00^m(D 
y^Vy-^-fmtLX. rtoHfc^-fi 5fCs Il20i%ai 

M6 2ro±|::SEo-CJf^-r5o m2©{%3lffi6 2Ji^fiSi 



(20) 



37 



[0 1 4 U iJt±<idJ:5l-bT, nfliffit p«fili:Sr?^ 

-C*. *«ffiy;4^fe/<-«IC^B^L, Hfjaffi (11-0 0 
ffl. 7^:fttt*»tcD^^B<7?ffliMicffiS-r5ffi=Ma) lc*ig 
|g&<^«ii-5o *SI§Bi-s i o, i:T i O. J;t)^j:5ti 

ifii«r!7W-\'-#V7''f i^^LT, sia-ew— t^•fgss^« 
^iaT-i:&BfPa^±co»^^*i"« H 

[01421 Lmmm s ] njssi'y 7 f^*^u^T, sitifeii^ 

[0 14 31 

(Off tBtt(D[6]ii;6SitfiK-et 5 <t 5 ^j:S{k!fe^W^*A^e>!'j: 
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[El 21 12 214, i^%m(o^l<r>i:m.X^(r>mtm^MW- 

[0 31 0 3(4, if^m(^y^i<^rMx<Dmtm^w 

flit?fc'5 !J'^''^ro^^fitWfffi0T?fo5„ 
[041 04(4, 7^%W^(D%\^lM-n(Dmm^'^W 

[061 06{4, f-7r'i'T(Offi*fS:&-*i-^=5' h-t 
;v0-t?fc5o 

ii6ws«±ffittiJ<o¥K0-efo5o 

[0 81 0 8(4, iryrviff^hltW^mWi^^^^fi 
?^*tSr*-r«*«]Wrffi0T'fo2)„ 

[0 91 0 9(4, ^if-Wnn-^MoWMX-hi^mtm^ 

1^— !f ?g^-**-r«^6<3(fTffi0t?fc 5. 

[0 1 0 1 0 1 0 (4, y yi^J^^Rro^ h :/«rJ^^K-t- 

1 • 

2 ■ 

1 1 
1 2 
1 3 

1 4 

2 1 
2 2 
2 3 
2 4 
2 5 



• •ii2oi!iiaiis 

• • ® i<7)[H]a 

• ■ ||2(7)|]£10 

• • ^4(Og'(b!^^i5^^ff 



[0 31 



[041 



[0 5] 
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[ M ^ :g 8 1 ttimm 2 (o&^bm^mi^f±. 5 o 0 ^ m ymfSiSJ.T 1 0 u my'm?^£i±(o 
[jj^jg loi ^um 3 0:>&itm^m<^it^ 5 o o u mywm&^T 1 0 u tnymmsi± 

[Bff^ijial B(f1!g^-fb4j!>^^f*^i£«^^. 5 0 ~ 1 o o 0 « mg?|gg Sr»-j-a 

I ^ w I* *ffl ''j: tft 5! 1 
I 0 0 0 1 1 

:^mmti^itm^m^^ (InxAlyGa.-x-yN. O^X, OSY, X+Ygl) (TJ^fi*" 
:^^~i^f<0^^m^{C^m ^H^^^tm^mt^ (I nxAlyGa,-x-r 

N. osx, o^Y. x+Y^i) ^ *) f£im.itm^f^mi^m^\^m^ 

I o o o 2 1 

ig¥, ^'ft:4ft|i|£#flc!4^?3/j;5Wfe, WStfero^^fetJ^-f^^-K (led) . i^-if^^^;*- 
- K ( L D ) as ^ ffl <t; tt fc t) H ffi *g tc o T 5 „ 

[ 0 0 0 3 ] 

0!lx.ti. Aplide Physics Letters. Vol.73, NumberB (1998) pp. 832-83 

4 •^^■7T'1'T±^c, mm4tmit^%nfi^Am (mocvd) \ci. yj 2 u mcomm-v^ 

S^-BrfcGaNSifC. 0. 1 n m (V mm S i O 2 ^ ^£ ^ ^^f^ ^ ^ ^ ^ 1^ ^ - 

^ <r>m. ^mm^ ^ -r ?>m ±i^wxG a. N ^ MO c V D \c X. f) 2 0 n moy mm -r^^A (e 

LOG J*S) $ iWiV> T , -'^-r K 7 -f K5a;ffifiK:RJSfe (HVPE) iZ.i:r)200 nm<om 

^ffWGaNro«*giSr#-C, rWGaN««-h(-7'''<'l'>^«ltSrJl^^b, GaN»««M 
B C7^*^5^O'(B,i|®;0iJxtf {1-100} ^] -e^WL-C*«E«r?i0^U-C/j:5^^k^ 

lfef4=TT-(i{^l 8 0NFraroai!R%t6:4SBX|gi:^c5, 
[ 0 0 0 4 ] 

[^0^:i5j$?j^LJ; 5 ir-rS^S] 
Ua^UTi^S^. JilSAppl. Phys. Lett, ^-g^ $ n -C V'' 5 ^-(tS!^ *i , — 1^ ^ 

ail5g?SMdsi8 0f^ra%jS#*-5<!:, « « ifE ;is i§i Sit *i An i" 5 ::t*»e>, 5ff^w^<t: 
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^^ici-siJii*. i^^i^tt^^ e^i^t^-t^^^'^^^^'^'^- 
«i*«#»Sw<£«t««fe-t f-*®"^ 

^s^i: u #^wtt''i:i:'*^^^4^^»''•^^^^^^*^^^*^*^^*"- 
'^ir;br^?^(o ^^^..^.^^i-.^^*^ 

4T T;^f^7;;^b^^^ <io-io>R . 
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— w /I. i«- iifc 4«r /Jr "Ff - 




IS 3 <P g . 



m 



' PA T fe 5 



;^ ( 1 ) 



S r i: t:#«lci:-r^S^b^¥#^*^iJ^^- k - ^ -r i^f (D K IS X » ^ h 9 ^ r <^ <^ a^. 
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O StS i: U X , mit<i^^mp^i: ^ it 2. X S W W S I® T* tefiC W » * W *iJ L- ft K) 

Jh * 0 -r 5 * 5JS « >* ^T n -C l/^ 5 o 
[0012] 

, :*:|gWro««Sr« v^ i r i: T'###ttror6]-hd5 Bjte /j; s t f« 4<t »t K Jt * 

t'j; 5 „ 

10 0 13] 

^tc^e^ CD^Sfis JzlSAppl. Phys. Lett. t?<0#['&K) J; 5 1^ ^lC (O (g « $ IS » ^ 

^rflw5«i^^SSr»^-C^ r i o T , ^ ffl i*^ ^ If « W t«a i W * «¥ U 

ft:3ff^-efcoTfc. » ^;iS«WfW «)5t«K36 S :i t i)^ X ^ f£ v f£ m ^ 

[0014] 

*fc3Et-, y^mm\cis\,^x . m_5_o.xm.(c 13 »t 5 ^ -ft !^ ^ w «| r&i rc» J* 5: *iJ ffl b 
Tte{ii:wfS^^n5:J^ffi(aT, % 5 (DT.m <r> r l o g & t m ^ m-^*^ ^ « ) ^ 
-(k 4^ ¥ ^ S « ± I- m 2 iife €r «|S55-65tJgfiKb. ^wm. m 2 wgfegl^ io fi£ ® ± 

m 4 (D^itm ^mi^ i: m^^-^x ^£ ^ t . ii&m<o mn s: b5 ih i- s w » * u v^ „ 

SfcMl-s :*:5S W T , II 2 (Dj^mB *^ . mitm^^^MWifDMn:^^^. <l-l 

o o >, < 1 o - 1 o > :&XJ^< 0 1 - 1 0 >wv^-ftt*^<^M*s*T&ii-*fL-T^tT:*"r&i{i^?i^ 

;x h^^T'ji^^g^ mi (oma t¥-n\^mm.^rix^^^t. m 4 <Dmitm^^i^ <^^^i^<^ 
^s;esj;t)^gFfc>it). ^4 (D m<hm ^/^m ± ^ & ^ =. t i^x ^ . m&nm^mxh 

( O O 1 5 ] 

*fcMfC, *3 -C . ^_^_©_XS_C0 E L O G ft , ^-ft;!^stfe^f!|s:S«W^ffi»- 

n 2 <D oa a ^ M^-r ^ <n ^x . ^ <d m 2 comsi ^ * -r 5 cb ± m 4 m^itm^rm-^ i: ^ ft 

■^it'S.iC, % {C *3 V^ T , m 2 CD Cfl ta , ^'fbi^it^'^<*:*«<^M#*-|ti], < 1 - 1 O 

0>, < 1 0-1 0 > RU< 0 1-1 0>K>v^-md^wMtt::&i6il-*t-LT¥fT*-|6H-ff^fiK 
h7-f7'^J[^-Cfc5^:, iE'fb/K»¥*fl!:<^«t*l*l<^R!tft«r<Bii'C*€?te-6iC<0'efll^«l 
$|J 5 O )» 4 b V> „ 
[001 6 ] 

te'a^lE*Sio"*ffl/cin*;eATK>t.<^t?*)Si:, !g'ft'^^»f*:»*5-t{cELOG^!gft* 

•tt-T# ti. -5 m 4 <r)m.itm^mi^ <D»m\^mti ^ ^fs j^-r <s cd b v^, 

*^I«^^::^3V^-C. M IB S #J ^ * ^« *s , SOMm-lOOO/zmroM®: 
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* * * S S Hffff 0 S Iftit * i » <* » S " «S « 4: « « 1- 5 «> C » * U i 
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* M . 3(s: M *5 v> T , m^tm ^mi^m "f- (D V -y V'mV^ h ^ ^ ^ . M_2J^ 

gj« w ji $15 . X tt m 2 g^iHQ (D [M]ffl5-h«l5^^?i?^^i^-cv^^i:, rtbpjoias^j-i-tt % 4 g^a 

[ 0 0 2 2 ] 
[ 0 0 2 3 ] 

£A T 1- la 1 ~ 5 «r ffl T M ^ # iNB ^ -r 5 o 

*-fllll (a) ~ (d) ;$:%?gw^-ft;!^ii^3ll*:«fiS;*:fe-?felci!5#t>ix5 7-*^<'l'x 

[ 0 0 2 4 ] 

*^0J<o^-fk!^Jf ^#:<r)figft3^&(i, M5(QXe t^J:t). ^-fk!^ 1 -h . S 

-fbi^^^«:ro«l*-l6]ro^ftS:^Jffl UTi|K<iroiS« ^ ^. ffi 5 (QX@<0 E L O GfifcS 

||_5_roxe.{c*5V^T, ^40^^bil^^»<^ 2^fiKfi$-^5 m5g3X@ <QELOGfiR5j: 
fe'SAS if J; 5 I' -gffii-S AM* 3£>i>-C«''j: V^;6S, ^ « S -fk ^1^ » fl^ W ^ * w ;»7 r^l (- « 
[ 0 0 2 5 ] 

tfrx@-eff*:3tv5ELOG^«/j:if^fflv>-ct>J:<,«fc*aiMA«sfflML.fcfl»Jx:tf#« 

3P10-77245, 1^10-275826, RllO-119377, 11110-1328 
31. PIll-37827, 1^11-37826, |1110-146431#-^«g^W»«? 
(Cfsii $ ttX V> 5 E L O Gfigft ^ffl ^ - i: ^5 T-^ 2) o ab, m?3WELOG^ft 
ra, aaS«Jh-etT*5n-C « b, :*:%gg<P M5g3Xm «OELOGfii£atj:. ff|g(0 

[ 0 0 2 6 ] 

^ gjt ;is ^ ft \^\ZL< Xtt^ft b v^$i•i|s^^> ^ i^i S 16 2 w^taig 1 1 Sr ffl 5 

^m. X , s -fb ^ ^ « « m 2 laa i 3^Mii!L\^xno^m^£ift^^whf\.^o 

^ <0 O 2 ff^^mm 1 1 2 (OlHfl 1 3^?i^fi£b, ^g3?KBfeStcm4<Da-(bfe¥^ 

;^2 srfigft $ -a: .a i: . ^ A <D mitm ^mw 2. g3^ftia@g3v^-rtv;a^<oa:pg-c. ^-fbife^ai: 

«cro«E*-lft bT, ^-fb^J^ls^^iittw^^l^aro^ftiMfiii * {Sc *s ^ * « 

•f!(c<73^Jt:&i6](r?^fti:*('^^:^r^-ilffb, ^xj-m:}s \^\^mn \^ \^ < < -^J: . ^(O^^. ^ 
■(4 CO i)* ^ fc l640^>fb#)¥'^^ 2 tr#Sii:«s-t?#Si:#x.6.n-So 
[ 0 0 2 7 ] 

mmmm<ow-i^ff>U'&mm\^M\^x. lai^i/iooetTsaj-M^i^b, if*bv^^#-t? 
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3 <0 PflSBJrgP , W «P ^5- (^gi5_hgI5 3Z. ttOSPiSB) Jt; ffi "C ^ -ti /iS ^^C < 

3ic <? . ^ ffi T E M-^ y — K/w 5 ^ y -fe >- ^ (CL) /£ if <z>«tS {c: J; 5 t 15 t Ay if *sfl[:as 

M4g3^-fk'i^^g)t# :2 (ommnimik^mn. ^_5_»^e.-etTi3*i5 e l o o^ftf^ais 

t i 5 ;d5 , 3f *a CD ^{i a«tUT«l X 1 o'M/cm'jiiT, »*L.V^^^4=-ettl X 1 
0*ffl/cm'JWT. J;t)^if*bV>^#T-«lX10'<@/cm'UtTi:''£S, m 2 (O 

1 ±®<Oteffi^«. a.U^ lg 2 roMflr 1 3<Z3|!llSP±«|Jro*5tt«:. liirA/ifmt.tU't 

</j:5«i6i*sfo5, *fc^iaj-hSf(5, Rxj^ fs 2 oaa 1 aoDiaiFBJbifsroe&aStt. ixi 

O '<B/ c m'jIiiT, UV>*#-ett 1 X 1 O "ffl/ c m'SAT, J: t) » * U * # -t? « 1 

XlO^^B/cm^aTtiCcS, 

3|c5Se^ J-*? v^T , tettafflEroill^f*. «® T EMXtt c L J; 9 «lS-f 5, 
[ 0 0 2 8 ] 

UiT(-E LOG^KSiiS M 2 (73 a 1 l^fflV^-C^T^^^^■5»-&t, M 2 <D M a 1 3 

A (D'&itm^mw- 2 k h ^ ^^mm^mm-r ^ K««z)ss^«j»f sia t? s> 5 a i ( 

a) ~ (d) ^^v^-c^e>^cit*B^c^BJ-r^o 01 (a) ~ (c) i-i m 2 (D^mm 1 1 s: 

m^^XfroW^mX'^^. mi (d) lig_2_ro_H_fi_l 3 ^JI^jS. b-r?? 5 ifI^<i-C*fc ^„ 

T ife 0^ -r s „ 

m A 2 ^ ^ x t£ i> m.^mmmmx ^ . 

mi (b) ^itm^m^mwLi \^mih^f^^\^> z.<r>mn&nist.xfSin^znKM^ 

Pi III T- 2. „ 

mi (c) fi. a'fb*^i|^'«{*:s^Kif-iiata«rji^^b, r(Odi«(5±.sp{-<o^ % 2 (D^mm 

1 iSrfl^fiScb, r(D?lgfi£BJbt;: jg4«Q^^b#>^a>fle 2f:^^^-fr-C?ai5ma6<?«>fffiia-efo 

mi (d) J*. ^^ki^¥^Sit|*:»«l m 2 Pfl Q 1 3 €rJi^^ rc»ill^fi£ffiJbtc %4<D 
MiLM^L*2 «:^«$-*T/£Sm*«3WrBll|-efcS. HI (d) «: , fiiS BS 2: ffi T 

I 0 0 2 9 1 

JhiSE LOGfiKSl-J; m 4 (D^^tm^m^i^ 2 t L.XI-±. # PS ^ $ ?i jJS 

, b< «G a N;!>»6>''j:5ll'(b#»¥'*fls-^&5o m 4 <om^tm^mi¥ 2 T V K - 7* 

OGfig;«:CO^{wpS^*ei^ (Be, Zn, Mn, Cr^tJ^Mg) , RXJ^ n (Si 
, Ge^lt>*Sn) CDV^-m*»iaiiA±, *f*L<ttpS^*ei^«'>'S<i:tia^-Jt. J; 

»*U<ttMgi:S ii:^K-7°-t-2)i:, S^t;#l¥^*fl£W;g^:feT&I<D^ftiJMJ£ii*tl-, fete: 

1 0'Vcm*~l X 1 o'Vcm', i?)»4b<fil X 1 o'Vcm'~l X 1 o'V 
cm\ 3EJe:«F*U<«:5X10'^/cm'~5X10"/cm'-efe-5, ^lt#jro««:6S 
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1 0 0 3 0 1 " 

;im-t?fct). J;9»*b<filOMm~35Mm-C'fc5o ^ 4 W ^ #J ^ 9^ ^ 2 <75fi?ff *S 

2 (0^®roi^te«S*5/>i: < D . T{c m4(D^^b^4^^{^ 2(^gB«^<efe:^^-C. 1* 

% 2 <D«=«^ 1 1 Ir. SB J£ TJ^ lg 2 CO Bfl ta 1 3»I!flSl5±«PI-»*»Si:A/af<g^*Safc*t'JC< 
1 0 0 3 1 ] 

SI ( a ) ~ ( c ) <73M_2_^jMJ1.i 1 <^ « iPl- i: I- "C « ^ m 2 (pjjfeaiK 1 1 affii-a^t 
^-iff (s i o,) , mit^^m (s i ,Ny) , Sf^b^^' V (T i Ox) , ^^t-:^/w=^ = i>-^ 

(zrOx) mitm. ^fz^i^.h<n^mm<om. I 2 0 o'-c&.±nm.^^m 

0 -c - 1 1 0 o-cnm^Khm X.. ^ <D^m\^^it^^mi^i>i^^^^£^'*^^ fifes lic < 

s/ , c V D ^<D»ffilRlKfiE«lf ^rfflv^ 2> ^ 2>, 
[ 0 0 3 2 1 

[ 0 0 3 3 1 

^ 2 <r){^ai)il 1 Itt. ^2_W#MJi.l 1 ^ ^^■^''^ ''^^fP^ (^'^> '^^^ 

sis. m^t-i^mmnii^ h 7 >c ^vt(om^<om^. -^mm(o :^ h 7 zf<omtmn<omi: 

mM-t =S> t \c X y> ff ^ t t? # S . 

[ 0 0 3 4 ] 

m 2 (O'^mm 1 1 <o:K^ ^tt. !|^ tc PS $ v^ , ■0«j^tf^ h7-i':^-ej^^ufc»-g- 

»*L.l/'>;:^b9'f7'*SttO. 5~100Mni, J;»?#f*b<fil/im~50/im, 

if*L<tt2~25Mmt?fo^o 

[ 0 0 3 5 ] 

jifeoj;5fc, KDmmm^:^^ < -r ^ t ^ ^ 2 (P^si 

^^iBjt^e* Lie: < < /'i . m_ZjmMM.^ 1 -h^'^l^ 4 o^^bi^^ay^j; 2 
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[ 0 0 3 6 ] 

f* ^ )K UK {Ct.fe*^5iT'5*S^J;tfi0. 0 1~5Mm-t?$>t). »*b<«:0. 0 2~3 
/imX-fct), J;D^if*b<»iO. 0 5~2/*m-Cfc5, i W «6 ffl fe 5 i: <te ^ft O »8E f«i] <0 
e»S:&»f^B!5ihT-^<te{i ^<S«-e# 5 ^ 4 to SE -fk ^ 2 W^ffi^lrliffi^^fc 

f >- * - yi- ^ <0 fil « tf ^ iiS^ C »t ti. »i , » (t « » V> li if , ^ ^ T- ll4<0^^b!fel¥-» 

[ 0 0 3 7 1 

{t . la ( b ) S5 -r J: 5 . M_5J2JLM.f- *5VNT, m<t;#;^««=S«i(cti£io^}^fig 
r OIHIlFISiicllB i: aSfP Ji«5{-M_2_^JimM.l 1 «r ^ i" S « iJi o T »i -f 5 , 
[ 0 0 3 8 1 

:7;j- h V y y y ^ — & m iic is if ^ ff> M 'ik ID T i!' ^< ^ — ^ m X . :^ h y -f 

[ 0 0 3 9 1 

l^oi-yf^-v^/ (RIE) , R^Stt'T^^-i^i^-A^'y^^^ (RIBE) , 

aVrnyf^V^ (ECR) , -Ysh^-tf— .Ani.;/f^>';J^^(D3ggAS$,i3, V^-rttt>3:-5'^:^ 

;^ Srigft^S^-fS r t J; 13 , S-fkife ^^^Ift: ^ ^ y ^ V ^ I- T t? t 5 . if!l;tfi. 3|cta 

isAi6*5tet-taiSL7t#M¥8-i 7 8 0 3 ^ mmm <o ^itm ^mi^^ <o M i^(t^ ^j: =^ > 

^ ^ © ^ ffl v^ 5 i i: -C * 5 . 
[ 0 0 4 0 1 

y ^ ^ J; o -CBPifli «r 31 5, >- ^ ® *s , Ell (b) ia^-t i. 

i^?^*^■ft,J;< . fcSVM*^^k#)^^#^««i (OlMIg|5{|iJffi;9sp^^tt(;:/£5J; 

ji^^T- 1> <t v^o 0 1 ( b ) 0 i 5 w a w la ifP -h i: naasiSiFfi {cg^_o_»jyi.i i Srji^ 

fig-t-^*'^. Bfl «|5 flll ffi i5S MS ;^ 1^ 4ft fc 5 i: , MlB ]£ gg ^ A ji? % 2 <0 ^Sllg 1 l-caiV'> 

nil (b) C0»-^. E L O Gfi)o«<^«lUd^ . ig-fki^^f^^^fl^W^ft^as^lC^Jl-^TM;^ 

5 b T- 5 , 
[ 0 0 4 1 I 

0 1 (b) w#-g-roofltQjoji0^, !? l^fl^fl5«gil$-^^i^^co^^TJl;AT^-^-ro 

~ 5 M mSlE-Cfo -5, majrogg^ ;as±|B«Sia-t?fc5 , E L O G^SAS^^ U, M 4 CD ^ 

lb^_^^j^2 <o « B B ^ t) ^ „ 

MiOi N 7 -< r<^<0 Jl?*^ t -r -5 ^-a-^ h 7 -r « i: U -C. x « ^ -h <73 <® 



(11) 



JP 2000-277437 A5 2006.5.18 



!jt {CPS ^ $ n AS , 2 ~ 5 m -e S , 

^c^mmun^^.m\^. cf^^^o.^^i^j:^ K^^-^^^v^tri 9 ^^k^^^jt^* 
1 1 ±\c-^i^^mmi!>^mj$.^ n 2 m <Di^mmi>^mm ^ nit i: 5 ^c!Kfli^-''^o-cv^s 

r r -r^nnfflieegBtc ^ 2 cD^jfellM 1 1 Jl^ file i" 5 W , a ± MA^jgJLl. 1 1 «^ * 
J; 0 l» * -r ^ T- 0f M ?^ S. t/ <fc K I- M_2_^j»AM. i i «:?i^fifc-r5o 

^m^i^xmrn^mm-r?) ^ t(Dx^ i>mmxib j.oiu]Sisi£®srifi[«-e#s)iiw{^r 

BSt* U^v^ i 5 ^cW»^n-CV^^> i U< . «^ J: o T « Hi B iSSiS i: O «5 -t <^ 

(D^'ftm^mi^ 2 i!,^mnmn<o mz <o«:mm i i srn 5 i 5 t^s^ i^'^cjjs p^^k* ?:^»t . 

te rn 2 (O'^nm 1 idsji^fiK^tusw-g-j^ovNTm^^-rs^ 
'f- iT X Bi^^ n. m^Mm (om^h ±B t mmx' i> ^ . 

ftm<t<^'^mi^<o^-S:i!>^mhn^ . ^wiS*, m 2 ofs^aii^ 1 1 -h «s * ssc * b 
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[ 0 0 4 8 ] 

<D{S!jffi<D*$ Lm 1 (c) rod] t ^ mu(om awoas ciai (c) row] srWSEbTj^ 

fiK^5n-C*5fcro, J;9«f*b<tt, BfliGirojl^^feiSS. fltffl $ ttfcS-fb#|2|^«fl=S« 1 rocfl 
IfBffiilffiro*^ (d) t mUff^M UUcom (w) irrogl^. w/d;a5^ 0<w/'dg5, 5 
(;i»*b<«0<w/dS3, *fc^3^^L<«0<w/dgl^^^i-J;5^-iiSU■C?^fiK 

fiKS S: i •? (Sii-e , [!aSi5Jffiia5*»e><oa'ftl&i|^'3lfl£rofigJIS:1' »f < 9 , fefftroi>/£ 
V> m4 roa{b#)^^fi(i: 2;6^#^tt^< >icS. 
1 0 0 4 9 ] 

^KB&^!^i^.fr■l^^^^lro^glag-ha5K?l^^^;>^S %2ro^{^a|gg l iro?^jsK»ro?|^<;{«:. «f 

t i-S^-a-, ^ h ^'f 7'ro?|J*ti:l>T, 0!|;^«ia«S±«pro;^l«7'<'7'(SSrl 0~20iim 
, :=<. h 7 BS imn<r>mun) «r 2 ~ 5 ju m i: UT t> J; v^. 
[ 0 0 5 0 ] 

^ tc , di 1 ( d ) \z.mir X 0 \^ . m 2 ro [a a 1 3^Ji^f!£-#-«)ro;^». "C M_2_£lMJL8.l i * 

mi ( d ) ro 0 2 ro M a i3roJi^^ro:;^fei:LT«. ±|Eco|2Ii (b) , (c) roBflO 

{lU, mi (d) ro»-a-ttflfeSIBS«r5#fifeUT>'j:V^;^T?Jh|S4:M'S"?x •?:ro^^coV^Ta 
T I' i" o 

srf^ML., wv'v^hy>*^'->' % m A (pmitm^m^ 2 \z.m fS. \^ x =^ ^ ^f- -if -r :z t x 
* ^T- ^ M 2 ropflia 1 3 (D ^^mitm^^mi^mm 1 i^msSL-f- ^ ^ t t^xt 

* . y^ > y xn ^ fi . :r. y ir-y if <r>m^<o i. 0 :t h-r;^^'S:fflv>/j;v>ro 

-c, ±iEm 1 (b) mt^m\^m&^i^^-r^^hi)ix^^o 

[ 0 0 5 1 ] 

% 2 ro [a Q isroji^i^ii, ^^icps^^ix-r, .hlEHIi (b) (c) tm^K. y > y 
J=sf£m^. y^Vy^^m^. V Ym%<OJ^iffii^m\-f hfx.. S^bfKi ^» ro « 

:^^i^roRfeft^{J6it*Ht^{4%{£^^-ti:5ro{e:;^h7-r:?^J1^4^-r-fc5r.i:y6s»^Uv>, 

H 2 ro pa a isroji^^t^ro-f^-fX, ± ^ mUMM <r> ^ ^ . a^HJifflScoiSirtMIgeJEiasro 
iRF{c|55;£$n/£(/^:a5, />ne<i:'fe.lHI^E|Jf*3-t?roi(^E:^Ift«>^«-6SffllM$^^, BfllfBBB 

^ 2 rocna i3rojj^H^Sr;^h7'i'7'4*tti-.54i-^, >ih7-f7°roji^4#t^LX. 0iJx.tt';^ 
hv-YT'itS (afflJ±S5ro<g) Sr3~20tfm. ^^h^'fT'raPH ( Hfl SB JE S5 <o <@ ) ^3-2 
0 n m.<r> ii n^l&^-t ^ ^ h t^X ^ i> o 
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[ 0 0 5 2 ] 

ig 1 (d) (om-^. m 4 (pmitm^mi^ 2 tt, m 2 (pBoa 1 3 © la^Hsigs^t^rngpis^ 

fiK«Sr«HM-t--5. -troif**. paiHJM p SUJzf3J{C W:i|EfiSt;as 15 i: A. if bn^ic < it S o 
ASB HgBa^P.Bfeg-f--5 lg4g3^fb'^^y#: 2tt. ifSE tft CO fig « i: , Bfl ^ M P SB E- 5 «t 

(d) (Dm-B-. m ^ ±n \^ t Ay }f mm -A^ h f£ . ta«PJiisit-tt*ft 

i«^#ttro;^-T?»* b &.5V>(1. mi (d) -r-cD K I. o G BfeS 4 (D^^tm^m^ 2 
[ 0 0 5 3 1 

Syt, mi (a) , (b) . (c) (D E L O G ^ft roig-^ t . m4(0^^b:#>¥^#: 2±: 
fC^tJ^k L O GfifeS $-*T t> J; V>, W E L O G fi£ft-r 5 m ft f£ (D ^ ^^M. 

^ a_2_^j£SJl.i 1 roJ^fiit ^^Tv^ Jiv^^|f|5±Sl5««ffi*S5, ijs i- 5 i <E (i: <o <a « 

:ic?3j;5/iELOGfigftro«fei?5SL.tt. 2@UAJttToTt,±V^. ELOGfiJtft 
[ 0 0 5 4 ] 

/£V^^S, MOVPE (*«l;&fi:^ta^;S^) > HVPE (^^-YK^-YK^ffifiKftj*) . M 
BE (.^^m='^^ . MOCVD (=frttl^JRYk¥^tafiKfite) fg^k'fe^^ 

#:Sr^;S:$*5roi-*n?,nTV>5^T<^*ffi5:iSffl-C-# 5„ L fig ft l£ i: UTtt. 

)^ Ji: :dS 5 0 m T -T?ttMOCVDffi^fflV^5ifiKA5a*?r='V hn — /UU^V''. S^c^ 
iPiSSS 0 Aimiy.T-C«HVPE-e{*fiKftj£a[!dSjS< T^V ha — /U;SSJiLV^o 
[ 0 0 5 5 1 

[ 0 0 5 6 1 

SfcSlC, lai (a) , (b) . (c) S.TJ5 (d) lC*J»t2> m 2 1 1 X VM_2_ 

i(OMtt*'|6i, <i-ioo>, <io-io>S.T)«<oi-io>rov>-rtLd^roMtt::^ 
e » sr w ftij -r S ic » * b , 

i:'M.6.ti//£V^ge^>tc:, y •;/-:^?l^^<^^ F7^:7°SrJi?^i-Si:###'ttSrlBl±$-y:2)<^(-*f 
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[ 0 0 5 7 ] 

* % 0j }r *j T . m^tm^mi^mu 1 t L.X i-i. # Pfi ^ ^ n v> ;55 , &A^lMJhM±. 
mi^ 2 ^Mf^m . :::: <Dmi$.mi^v' y<4 :^mm^j^i^-ri>^. Rt^mm\^ '0 ^mm i:M^ 

ix5, «5fiirim«;is jbSa«SBt?S> 5 , IS-fb #l ^#i*:««-t te: E L O G fi)E« i O * 

SfcS'fb^l^aiCfl^X^lirUT, iif4L<ttlR^/iS50/zm~1 000;zmT'fo>3, i 
0 ifF * b < 8 0 M m ~ 5 0 0 li m -C 5 , r. <0 J; 5 J^C fflS » t? fe 5 t , IS -ft #1 ^ 3ii flc S « 

[ 0 0 5 8 ] 

im^mi^^^-t^&^^n?>:fj^i^mifhti. j;90*u< ttiB2~ 4 co x ^ j; •? » 

[ 0 0 5 9 ] 

<D fim.it m^Mi^ mm 1 t f£^(r>x , m 4 (pmitm^mi^ 2 (DmiiL<D&mRri^m^ 

t . 3 (DMitm^mp^ (nm^m t t com ^m-A^mti: ^ it ii>RK) ^m\^i)^^ 
?>/is, % 3 <Dmitm^mPf±.\^ m 2 (pmitm^mw ^ ^^^^ ^ :l irt-j; tjsp sr«^$ 
^ ^ ti)>x^ . M 5 xe -g <oELOG^ftSrfi;^f{-^T5-^-e^t^*uv^„ 

m 1 ^ ii2g:»^^bii^¥##: '^ ^ i: u r t J: < , ^ 2 (Dm<tm^m^ ff> ^t^h^i^t. m 3 

-r m'& (o $) ^ m m w <o m. m ^ ^ X' ^ ^ (D X . ig^#ttcot6i-ho^-ejif* uv^„ 

[ 0 0 6 0 ] 

j£tT(-!ll2~!a5 ^ffi^^r. MJL^LiM.*^ ib )ii (c ?g -r -5 o 

m_i_ro.xe.tt . m 2 ic^-r X o i^. sitm^mi^ t mf£ i>un X y) mmmm 2 1 ± 

l-fi£*3$« Sr 1 0 m/^PWIJijlT O . 5 m m / * M JJi J; T? . Mitm ^mi^ <0 \^ <0 
SrflJffi (0(£« $ n 5 ( Ml (DX^ WELOGfifefi:) tC J: !3 H 1 (Omitm^mi^ 

22Sr^S;ft^■a^^)X^gT'S3So 

±§B m 1 <Dm.itm^mw 2 2^fifes^=-tirs^A5i^fi, iiaroipt-io^im/^FBm 

TO. 5 /I m/«f W« Jb, Sf * U < fi 7 w m/^WJ^T 1 m/«FfW i ►) » * L < 

(is Aim/^ffljEATl . 5 IX mXmm^^^X h ^ , ^ftjS^iSS±IH«efflT-fo-5 t> M 1 ^ 
Xife ro ELOG^«o^{c, tef&roeiSS: fiJ-t?# . * fe M 1 <Dm.i\:.^^Mi^ 2 2 
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m ^ ttM O C V D 7bi m i-f h f^' ^ o 
[ 0 0 6 1 ] 

T. ^^t-^^yu (MgAl204) (^J;5iteif6iSi14S=K, SiC (6H, 4H, 3CS:-&tf) 
, ZnS, ZnO, GaAs, Si. St5^^b«J^«l*:fc1ft^S^-t-5llfl24fe3E«^> tife 

[ 0 0 6 2 ] 

;^s»*UV^„ m 1 M iga 4^ ^ flg 2 2 , TVK-y-Ct, =P *6#J Sr K - :/ $ *T. X 

% 1 tDXa t'OE LQG^ftg^^t;:. BfFiaM_5_^..^^<^ E L O G figft ODiS-g- i: l^^^l- , P 

<«tl~50ym, J:?)»*U<«:2~40ium/SE){-»*U<«:7~20MmT'*>5 

ffl] fij CD ,^ -C- » * U , 
1 0 0 6 3 1 

M 1 O X e V> r . 16 1 <0^-fb'fe¥'^f» 2 2 Srfife* 5Mj,_roX^<D E L O G^ft 

ISA«SW«L.fct>«^i:l'-C«s 'P!I^H:#IB¥^10-77245, ^10-275826. 
PI 10-119377, I1I10-132831, i^ll-37827, [rIII-3782 

6, 1^1 o - 1 4 6 4 3 l##<;5e«^ffl»^^^:|Ett^?i^-Cv^5ELOG^ft>teifSrffl^^6r 
[ 0 0 6 4 ] 

||_l_^_Xg_fw *3V^T, E L O G m^ff^ Mri^m(0- mmaomm t bXWJiiaco#-^f3'!SW* 

(^ie« $ nx v^ 5 as , ^ la 2 (^s^-r , M_l-^2_MJi.i 2 Sr^ v> s t , m 1 to Oflta 

1 4S:?i^^i-'54t-g-SrP*fr H 1 X ;@ w E LOGfig*<D — ^JtewJ^ISSrlJATI^SiW-f-S 

in 2 CD ( a ) ~ ( d ) tn , % 1 CO X a *3 (t 5 , ^ « » tg 2 1 _h i::: , ^ 1 (Di^mm 1 2 

X m 1 CD ofl a 1 4&.^v>T=fT5 ELOG^Aiciu ^ibix^ m 1 oymitm^mi^ 2 2^ 

S: * -r — ^ Jte CD fl^ ffi -e fo 5 m ^ W Klf E S «r ^ i- o 

*-f, H2 (a) tt. ^aS«2 1±(^, »ji^CD^<l:ife)¥«#:2 5 ^^ft ^ W « 

ffi-t (-M_3_f2j&MM.l 2 =§r^5)-Wl-Jl5^K MJ_^jMJ^1 2 ^ ?^ ^ b fc S -h tc % 1 (D^. 
itm^m» 2 2^fi!cft*-SX^£5m^tt8ffffiBl-C-fe5, H2 (a) Xfl, SS»«21± 

132 (b) tt, ^«S«2i_h(c, ?*M<D^^k4!fe)¥'g>*i=2 5^lr>S;ft$-ti:. :i<o»m<om 

it m w 2 5 \c m & =t m \^ . m^&n&xfam±u\^. m i <n^mm i 2 ji^ l , 

i '^MJ-^.SJLS.l 2 »-fl^E£LfcffiJi(c mi cD^^bi^^gr<*: 2 2Sr^ftS-arT/j:5«^« 
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1112 (c) tt. m>mmm 2 1 . mm<Dmitm^^mi^2 5 

H 2 (d) tt. sas«2i±(c, »i!iros-fii!^iji^<*: 2 5 srfiitft $ z.(Dmm<om. 
-(tm^mi^ 2 5 m 1 g3 nn a 1 4 r <73 m 1 to mq 1 4 trmfSc i.tim±\c m 1 co 

a #J ^ ^ ^ 2 2 ^rfigft^-lirTi^eSm^WKfrgolllT-fcSo 
I 0 0 6 5 1 

n T v^ -C t J; ;ss . ^ fa 14 ® e> r >' K - 7' *s » * U v> , 

tti o 5 o'xzx'mmmm 2 litc^^^nso »K<osft!^^^f*:2 sowipw^tcps^ 

L<«l~5Mm<oaJ5[-t?Jl^fi£-f-5::ir*sa*UV^. 3»l!I<?5^'fkfel¥'^«=2 5WBIff«. 
m 1 <Q^a« 1 2 -^ ^ 1 gJ Ma 1 4Sr^^K-f'Sfc*<73T*t6Si:'i^O-e,iS9)R^[Ha<0 
Ji^^ ^ J; 9 ® ICWSI $ ■» S t -e*) 9 , JiffiffiH ro0l»T- fo 5 i: , PS*sbl-< 

/j; ^ . 

[ 0 0 6 6 1 

* . ^ 1 <Dm^ \z. *3V^T, 1112 (a) lc«^$ix-rv>5;is. MS««2lJl{C, »Sg 

tUTfi, AIN. GaN. AlGaN, InGaN^*SfflV'>e>ixS„ ^^S'^rSf*, 9 

0 0t:^T3 0 0TCii^_h<^j'l.ft-e. MJ¥0. 5*im~10:*->'^';^ht3— i>,-^;5gft$tl-5. 

0 r(Dj;5f-iMaStS2 1±fc/<-y7r«?:9 0 0T;WTro?aBE-CJI^fi8;i-2.i:. ^It»« 

ib^LSJTj* 2 2 (O tete '> Jte < 5 ffi i*a 5 , 

1 0 0 6 7 1 

t?l(DXS t^fev^T> 2 (OJi^/j!c:^Si, ff^«SU5i^'f X, ^ fc % i o M a 

1 4 xiopwtt. -kis ^s (oxs <o^^b^¥gic{*:£«i twji^fi£ 
$ n 5 M 2 wfi^ais 1 i^ M2<o[Hia i 3 w ji^ fig & . 5#tt^^t)«-y-'< if t p^T'fo s 
o m5_^JLS-efi^^k!^i|^ai«:s« i -htc ^ 2 (oumm i i x t^a: % 2 o m a i a ^ 

i> <n [CM . m 1 X g ttM«»tS2 iJi(;:R£A^ti.fc»M(oM<b!^4^'*f*;2 

[ 0 0 6 8 1 

^ ^ "t? > M 1 CD X^ ro ELOG^«{c:J; t)»bttfcig<i2i»^^^»«li:l-. % 5 X 
jS « E LOG^«;i)StftJn5JiS, IS 5 g3 X S O E L O G ^ * i: M 1 X # g> E L O G ^ * 
ttt, 1^ — T?t5M''JoTV>-C'bJ;V^„ «^?t«. g_i_OXS.« E L O G fife ft AS la 2 «0 (b) 

^ -e 15 , ^ 5 o X g. g3 ELOG^A:65[gji(D (d) co::&)*-r*fe5. *fctt M 1 <o x 

fillI2 (a) (D^mX . ^ 5 <D Hm Hi M 1 (D (a) «D:&&-C*>5^COai-<rrom^'g-*3 
-y:-CfToTt.J;V^o C(DJ: ?^.C ^5coXg ^ %l i7?Xg T-g3ELOGfifcfiroiliRtt. feft 

* , m 2 (o^mm i i n 2 o m a 1 3 t . $s 1 n^mm 1 2 x « m 1 <o aa a 1 4 
^ais 1 1 -^ m 2 (oma i s t . m i (oum xmm.^ :^ v 7 :^BVt(om_i_£>MMM 
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[ 0 0 6 9 ] 

oTS^i:, S{t;*&¥^9St^*J»*g 1 3 afc5M«*-|6i<o 5 — « M :fr 1^1 K: ^f t >i 

$> S „ 
I 0 0 7 0 1 

1 (73|Ri-roMitt*t6iic^i.-c^fT*-r6itnc5J;5(--t-^.:&-fei: vxn. mitm^mi^m^ 

X h 5 ^' 7*4^ mail rro^h7-< r^^irote<a^^=fi^^^» oTiBiw«»«f«r?^fi!cufc 
m 2 (D^mm t m i <oi^mm . fesa te 2 nis^mm k mi <r>ma . m^JiM^^ MJj^iM. 

[ 0 0 7 1 ] 

«trS5Ufei5i-. m 1 X e -e ffl e,n5^«»«2 1 i: u-ctt, t ti 

:5Un<o^mi:^yT:^i/'/^i^ftmWL. ^ ^ ^ y iT-^ytl-* 7 r V ^^/w $ *fc»«Sr 

-r. ;^T^3'7'R£ft/j5fob^Ptb«ffi;iS5psi;::/iK)Bv^, -^ic T -y:/ ^ic :^ 7 T ^ ti 

- -tf ?t /i^^ ® » $ i 9 SL K #t ^ ix 5 r as /> < >^e !J Iff * U v> . 

[ 0 0 7 2 ] 

vv^^mmm t vx i-i. io o o d micmi^^m t-r r t . (i 

1 2-0) SCAffi]Sr*®i:i-51^7r-YT, Xtt (1 1 1) ffiSr^jBti-Sxe-^wUT- 
foSo rc:-C'S«K«:65, (0 0 0 1) ®[C®]?r±ffit-r5f-7r-fTX'fo2)i:^, mS 

-<ro {ii2-o) ®CAffi]^c*^UTiiii:<cx^7^':?'J^*t«:*"U-cv^5^:fc [^^k4«j 
iftgifiiso (10 1- 0) \.M.m'^\^w-n:)s\^\^:^ V y ^r^^-t ^ ^ f] t^m%\.< . * 

fc, :^7'T>^<r/i'0^>':fte (IEI8tc^i-0) ttSf*u<tto. i° ~o. 5° . ±"3*? 
*L.<«o. i°~o. 2''-eS)5„ 

I 0 O 7 3 1 

*fc (1 1 2-0) miAm^^^m t-ri>^y r 4 r t % . m^^mm-^mih <d 
x^^-^'7■Jf^«tt^ro■^^:7r'1'TcD (11-0 2) mi'Rm^k^n \^xmm.f£:^ V y 4 -f^ 

*it5:=fi-UTV^5ri:^5$f4U<, (1 1 1) W ^ ft ^ :^ ^ ^ ihZ> t % . m 

# b T V^ 5 r i » * U V^ „ 

i^mm^m&i>^ ^ h y m ^ x wlwl v tc t> . :^^mi^^^^x 

y 7 4 T (D AMRx^Rm if ^ji'(0 (110) mi^Mit^^^mi*^ii^^:^i^i!^^^l^S, 

\>(Dx. z.ix i^(om\c m 4 <om<tm^m^ <ommi>^f^m^n^ i. 5 \c^mm^mei(oj&m 

[ 0 0 7 4 ] 

:^^mizis\,^x m^^ hiti^mmmm. 2i{^ov>T0«rfflv^-ci[t^p«BtcsiMi-5„ me 
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;i«oStt-9-7r'fTCffi«:*®tb. :i- V > ^ - •> 3 ly y 7 y {:t )) y y 
) iBSrAtBi:UTV>5. r<oii|^c:^-rJ:5^'^%all0^■^lH^!l«^^^'''^^Aa^^c*l-L.-C^ 

[ 0 0 7 5 ] 

A» Sr±ffi i: -t- 5 -9- 7 r TX^RSrffl v^;/t ii-g-. JilE C ffi ± » i: -f" S 1^ 
[ 0 0 7 6 1 

*fc2fefd, (MgAi204) (c*fbTti, m-itm^m-^nm^i-i-^^^*^^ ^ 

. m.itm^m¥?-nm.^m^ {1 i i) mtx.. :t v y ym^ (i lo) m t-ri> t . 

i^i^mi^ti (1 1 o) ffi{^:*^UT5|z^f5^I6J^^:^K;gU•^•rv^ffit^«sfc5» ?JeoT. (1 1 o 
) ffifwMbTiiii::^ifiitd:^ h^-f'T'^J^j^-TS tSft^^ji^ft^Sir Pj^Et-sS^bf^H^^^: 
m±A^^mm(D ±ux'-^y£i^ X . mi^(0'pfj:\/'>ma>^^^x^^o *5 x tr « eg 

[ 0 0 7 7 1 

JSfclc. *5gW»^*:*^S^-*^v^T, ia3}'*-r±5(-, |g 2 CO X e , -h is m i tox 

^ 2 (OJ^Lm X. fg 3 ro^{lS«)2fi««: 2 3 § -frS^ftaaCtt. Jb IE W ± 5 fw 5 0 0 

/xm/^WJJtTl 0 Mm/BfW^Ji. *f4L<f4 1 0 0^m/Btra£iT5 0 u m X ^ m SX 
-h-^fcSo ||3<Da^t;ife4^*ft:2 3«r^:g$-ar5jSK;65, Jbia«6iaffcSi:, |g3<D^-{t: 
m^m^i^2 3^±ia«mf:idj*S^-tirSS^{d. MS-^ft;i5g§Jt-C^, J€l-m3roS-ffc;|&¥^ 

)*i:UTtt,«»J^ffHVPE^*spife,tt«, 
[ 0 0 7 8 ] 

[ 0 0 7 9 1 

iv^o m3(Dmitm^m^ii^2 3<om&t\^x^^. ^ttcps^^n^iv^^s, maco M3<ox@ 

-(?/>/£< t tMa»«2 1 Srl»*$nfc^, m 5 W Xa ^ =fT5BSS^v^/<-rx«at5:Ji^figi- 

^^Il^tf. |g3cD^'fk#jit^'#^2 3(0=i.f^fi<j/£flgJf:i:L-Ctl, ^*b<tt5 0/im~10 
OOMtn, J;t)^if*L<tt80Mm~5 0 0Mm-Cfo?.„ ^ O i 5 ''^ 16 H W ^ X' -5 t 
> |g 3 <^»a^lS«J*#fl£ 2 3 Sr^-ffc<Kl¥9f«i:«4g 1 t UfcW-g-lC. aif^14i<, * 4<: It 

[ 0 0 8 0 ] 

HI 4 ^ -r J; 5 , ^ 3 CT) X a T- , m 2 (OHm X 3 (D^itm^m^ 2 3«r^ 

ft^Jr, ttS«S«2 1 Sr^*L.T, ■jp'»'i:< t i> m 3 <o mH:,m 2 3tr=ft-i- 

5 m 5 CD X S X fflv^P.n-5^{t;1^it^^^»«l ir-fSo % 3 co X^ X |^*^tT.sa55>t L- 
-Ctt. iJ.^/i<i:t>Ma««2 1;iSK;*^*vTV>tHiJ:<, I2I2(Z)y<s/7rS. ^^w^-fb 
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(Dg'fb^^^#:2 3 (Omn^WL 2 l^SrK^*Ufc»t « K ^ <0 » -t M-S.^.^^*^ E L O 
G ^ J& Srff 5 . 
I 0 O 8 1 1 

!6» P, 9 , «^ * b < »a m 3 t 2 (7)ai^fc#>^»(j£ <D ^ *^ ^ Jfe 5 . 
[ 0 0 8 2 ] 

UT. ll2g3S{b'^^g|:#: 24 <D ft^ h ^£ 'fe<Q^fflV^-Ct.J:V^o m A <DX.U m.\^. %3 

(D-S.]\Lm^mW2 3^l^*U-C, m2ro^^b'^^^^ 2 4ro;5^{c-t--5<!:, «3 j: ^ 2 ^ 

(*##14^) K»I^0-fcro^t?»4bv^„ %2(oa<bl»»y<» 'O^Sr i^5«PXm 

v^;5s, ^j;^tf8 o~5 0 0 u m (D mm ^ ^ -t ^ ^ t mm^ mst <o -x^ » ^ I. . 

[ 0 0 8 3 1 

m 2 (omitm^mi^ 2 a t x^xit. #tci»« $ *t>t v^As. i^mm 3 <r>^it^^m^2 3 
hn^o^mitm^MW-i^mvf ti)^x% 

a±T-fc9, ^f*u<tt±iE^3ro^{k#i^#«:2 3 ^^^^^ z>m^ tmm-t^hio 

C(Dj;5tcS«S«t2 l^lSfe*Ufc^t?. IB3roa-ffcite^3f*2 3 (Pfife^SSt^^ 2 <D ^ 

itm^mi^ 2 4 ^ ^ ^ t . m 3 (Dm.itm^^mi^2 3 <DK*) i^mm^ti. ^ 5 cd x@ 

^7'^<^'XX^^«ra»^^^fx:5„ m2g3MYbi^^^#: 2 4 ^^ft ^ -a- ^ jr J: t) ^ 

^ 14 >4S |6] -h b , m 2 (D&4t!m^mi^ 2 4 ± ± ffi M 5 (DXm t: 5 , i^4(D^^bfe^lc 

[ 0 0 8 4 ] 

m^T-r ^m-^^mm.(o±^ ^ izmy ifiib ^ (OT^ . % 3 <om.itm^m^ 2 3 t mz (Pmiti^ 
ooMm«Ti:^£5r.irds»4u<, />^c<i:tm3<b ^ 2 n m.<tm <D mmti^ * 

rro^-g-, ^ 3 <^2ft:i^¥«#: 2 3 (DiKff « . J: 15 m J* «5 K JL o f^ 
3 h m 2 ^ .(b <^ gi flg (D BiJSro-g-tl-AS i o o o ^ m&.T t ^£ i> 

[ 0 0 8 5 ] 

y^my^^jf^mvxf£?>^<i:m^mi^m'f-i^-^^^xm,m-r^. 
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^ih?>^<oiiimif hti^o *:3sw tt ^ Ht- Pfi!£ ^5 n/j: v^. mm-^m^<om 

I O 0 8 6 ] 

* fcJis:|gBJ{c4oV>-C, ^4 U v^^^k-fe^Slfl^m^^ i: L'-C fi, :^ « u - if IS ^ *5 T 

ll_5_W_xa.ro E L O G J* ft <Z) a Igl^ J; o -C, l|4g3a{bifel¥-^{^ 2»Sro¥i^rofefej& 
{c ^ f± 3b 5 ;is . m 2 ro ^ « M 1 1 Ji IS X ^ 2 <P gfl Q 1 3 DH IfP ± «5 <E AMI t Ay 

1 0 0 8 7 ] 

u ^ r. pg $ n o 
[ 0 0 8 8 ] 

c * M #y 1 ] 
m) 

[ 0 0 8 9 ] 

( m 1 (OT.m ) 

mn&Wi 2 1 t vx . cffiSr^ffitb. V 7 m Am t -r ^ 7 r r & ^ 2 1 ^ 

vx . ^ ^ ^) r y^\z.ii^m . wPciS :^\^ri^=^ =-T h.T^^G { h ?^ ^ ^i- V ^ J^-) t«r 

ffiV^, i^7r'fr*S2 lizJCG aNJ;9!i5^^?'7rS*2 O 0:*->'^^>^ ha— AOK 
[ 0 0 9 0 ] 

/^s/^rSfiKft^^. TMG(D;?f-±i>C)T. m^Sri 0 5 ox:^x±^^-^. 1 0 5 o*C{c 
5?H!g©2'fbi^¥'^f*^2 5^5 A«m«SIJ¥T-j*.S:$*So 

Mm, mm 2 n Ta<0 S i O ^3: y) t£ ^ m 1 <0 i^WLm 1 2SrO. 5*tm(O0lff-t?^^-t-5, 
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[ 0 0 9 1 ] 

^->-t>A) *fflV^, Sii:Mg<O^ij3e#5«r5X10'Vcm'K-7'U^tGaNJ;'9>i:^ 
^ 1 (Omit^^m-^ 2 2SrMOCVD^iSI-J;') 1 5 ;xin(DMB:-em:S:$*5. S i i:M 

[ 0 0 9 2 1 

a^ixfc ^lg)^-{b1ij!)¥-^#^ 2 2 (Pmmt: C L (;& y- ^ S'-feV'^) J: 9 «» 

[ 0 0 9 3 1 

( H 2 (O X^ ) 

^t, m 1 (D ^ -fb m^m^ Z 2±tC, T^K-^^'^GaNd-tj'^CSmS W 2 ^ * ft^ 

2 3& HVPE3S«tCj;?)200Minro)RffT'fijcft$-l±5„ iaU, ^3 <7> S -ffc * * 1*= 2 
3(0^ft3$*«:, 5 O /i m/^ra i: b 
( 0 0 9 4 1 

( m 3 <D xm ) _ 

^2 2 * -T?^Wfgi^ J:9BSS*bTlB3ro^fbiKl¥9t«:2 4 W i?. <0 ^ ^ ^ » «^ £ « 1 *s ^ 

#ib^^/fc^3Cl|i<t:^^^^#:2 4ro•^^7r'1'TX«^Si:■'S^Bfe*Ufc®^c^i, ;^ hT-f-T- 

[ 0 0 9 5 1 

( m 5 <DXg ) ^ 
±fsro^ 3 roa-fk^si^sK* 2 3 75>e>?^£5S-fb4*i*««:s«i-ti'. m 3 (Dmitm^mw 

UT^ff t- , m 2 1 l^m3<Z)^^kiil^««=2 3<D^:ftB (BSS*»tttR*t 

^ 2 <7>^mm 1 1 srji^^«, ^ 4 (om^tm^mf^ 2 srMocvD^et?i5 Mmwrn^ 

S*^. M 2 (Ofjj^agS 1 1 haBg> ig4i73^^b^»^SI«g 2(0^ffi(cr3:tai:// fefe iSS m b H 'fe 

[ 0 0 9 6 1 

C 3€ >te 0!i 2 ] 

mmm 1 \^is\,^x . m 2 gjxm -cBfeft ^ 3os^kii^^*<=*=2 awiisff^ri 5 om 

m i: U , ^ M_3_^lXS_'# T fS 4 (DX^ grii^-r 5teliill«Si-U-Cv'^<-f^«it?:Ji^ 

c m 4 w xs ) 

•!^7T'fTX«W^IS§%*$nfcl|3<0^^t;i^^^fl:2 3(Ofi£ftgi±lc. t:^K -7°CDG 
a N lb ^£ 5 ^2<D^'fk^¥-gK*: 2 4^, HVPE^ai-J:'9. 2 0 0 ymCOMfft?^* 
$ -e: -5 (la 5 ) „ 
[ 0 0 9 7 1 

^ ^tifcm 3 <^^itm^mi^ 2 3 i: m2(o^{i:::i^¥^^ 2 4 A>h^£ ^^itm^^m^Mm 

1 -h m5_wxmro E LOG^*«:$-a:5, «3(Dm^lii^^»<*:2 3 gjfifcftgtc ^ 2 (D ^ 
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[ 0 0 9 8 1 

immm 31 
my 

1 0 0 9 9 ] 

a«a6iR2 1i:b-C. CffiSr^ffitL, :^■y77B*Affii:-r5i^7T'1' 

TS«2l^MocvDl^s;s:^sg^^^-■fe•■J/^L-^ a*^5io'ci-L.-c, ^ ^ v r :ff 

tCTK^, ®i|sj.v5f:x.{;:r>'^-ri:TMG (hy;'^>'W;<fy^'A) fc?rlBv^, y r T & 
«2 1_hfcGaNJ:9>i5^<S'P'r* (BI*$^^t:vW^v^) Sri»«j200:*->'i^xho— a 

[0100] 

y< iy y r m i:^^:'^. T M G (O ± it X . m.m i 1 0 5 0'C*T-±:#^5-a:S, 1 0 5 0 

<0 M fb ffe ¥ ^ * 2 5 Sr 2 M m « B¥ » * * 5 o 

1 0 1 0 1 ] 

■ {cj;!?;^ 5 izm, ;^ h7-f7'ffflPB (H]«5«oMaSF|J) 3 mbkos i o^J;*) 

^k#j#.*f*:2 5 <Dy&<p ^X'^ y ^ V vxm&^Mi^-r ^ t \^ X *) mm <r> m.it m ^ m 
V y ym\^m'Siy'£:^mi>^mitm^mpi^(OMm:^mi^Mvx^n:^^tfi:^o 

[0102] 

i^ti^ti^x*}mi^^th fe mi(^^^b^^^^ 2 2 (Dm^mimiTy^mm^ =^ ^ >- 
*)^^L.xm^mm^mm^'t. a^±nRxfm^&ni!^ m 1 (o^mm 1 2 ^m^-ri>o 

[0103] 

MgW^PM^ffel^SX 1 0'Vcm'K-7°UfcGaNJ;DncS %lgJa^bi^^#^ 2 2 M 

ocvD3S«fcJ;>?i5/imro)BIJipct?fife«$iir5. iau, % 1 (PgS^ki^^gi^^g 2 2 
jgieii. 2Mm/'NrMi:bTfTofc, 
[0104] 

# fe. ^^ fc Ml<^^^l::'fe)^^j^ 2 2ro«ffiSrCL (;<7y — K/i'5^?'-*:>'^) 
■t-5 t , «te{4«:*P»(ciS^^ jxTV>So mu, m 1 d^^b^l^yft: 2 2 <0 « ® tc , M-L 

[0105] 
( H 2 g? XS ) 

2 3>lrHVPE^fti;iJ;9 10 0/imro]KffT?^ft$-ar5„ ^ S (O mitm 2 
Sro^AiS^tt. 5 0 M m/^ra i: Lfco 

[0106] 

3 X^ ) 

^>cfc, ^ 3 (o'M.itm^mw 2 3 ^ . y 7 T mm 2 1 ^ m i (om^tm^m- 
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«:2 3<OBfe*a}^tt. % 1 O^-fbi^^^ii^ 2 3 w « ffi "f 53- * T V^ fc «s<£ ^5" * 
(0107] 

( ^ 4 CO xa ) 

^ktc. 03(D^{h;#I^##:2 3«fiS;S®±l-. T>'K-7'<CiGaN!6>fe!&5 ^ 2 (D ^^fb 
m^m^ 2 4«:, HVPEi^fllfCj;?), 2 5 O Mm(OlKJ¥t?^S^5-a:So 

im 2 ( b ) ] nmmi^n. -r fic iiMa — ic 1, 5 , 

[0108] 
( jg 5 (OXS ) 

±.IE<o»3(?3^-fk;#i^3|^2 3 i m2(^^-fl:;it^^gi#: 2 4 5, )fe ^ ^ iKi ^ X « 1 
i: 6 J; 5 ':cS'fti^i»«'*<*£WM*lll*r«iI {-*f UTspfT^^lfil . m 2 (ommm 1 1 trie 2 

m 2 (D^mm 1 l m40a<b^H^^^ 2 SrMOCVD3£jl-ei 5*im(0!gl? 

^mi^^W. 1 i: tg4 (0^'fl::i^^^#: 2 *^ i^C 5«« 1 C 12 1 ( b ) ] tt. fe^ibs 15 i: A. if 
^ f> tt T , X n -^Pm i)^ m ± \^ < o 
I O 1 0 9 1 

( ^ 1 © X @ ) 

tcT>'^ = TfcTMC5 (hy^g^/i';i5/ye^A) i:^S:ffiv^, i^7r^TSISl-t^cGaNJ; 

o 

I 0 1 1 0 ] 

^^s/^rSfefiSA^. TMGro^Ji:«)T.S.££S:1 0 50*C*T'±#^-yr2)o 10 50 
[0111] 

«{cj;9xh7'f::^<@l5/im, :xh7'<:?'WRB (MSUtoMPlW) 2j«m<0Si02J;9 

-5 M 1 of^M^ iisro. 5 u m(Dmmx-m}^v . m^^x . k i e mmz x r) y r 4 
r mm 1 i^^m-r ^ ^x'mm(Dm^tm^mi^ 2 5 ^ ~y '^^^ \^xmih^Mfii.-i- ^ 1 \c 

^ r) ^jgiff^m^tm^mi^ 2 5 nmnmm ^tiiii ^ ^ ^ ^ t iz. X ihM±m(o^i,zm_LjiM. 
mm 1 2i:mm-r?>o i!fl«i$ffl!iffiro<sdw:{5fi2/xm-efo5, /.c*3, :^h9-c^:^mi^. m 

[0112] 

TMG. rv^^T, v'^v;*^;^, Cp^Mg^ffll/^, ^fti:|SI«Fl-S i irMgW^M^J 
* 5 X 1 O ' V cm^" K - 7- U fc G a N i t) -5 ^l(7^^{k^^^<4^ 2 2«r, MOCVD^ 
«{CJ;!9,1 5AtmW)S»-T?Bfe«**5o ^ 1 (D ^^mi^ 2 2 <^fiS£fi5i«tt. 2 m 

W 5 o 
[0113] 
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m 2 ooum ) 

3Sr, HVPEieBirJ;?), 150Mm(O)KJi:iC^«S-«:5. SKfij**tt» 50Mm/^ 

5 „ 

[01141 

i^*L., m ^ (r>mitm^mw- 2 sro^^t-rso m3ro^<t:!Ki¥»fl=2 3ws^*®tc«:, 

10 115 1 

m3«0^-ft:ii)Ji^^^#:2 SCD^ftffi-htC, TVK-T'roGaNd^fe/i-S tS2(Oa^b:ife^^ 
^2 4 4:, HVPE3Sa(Cj;>J, 2 O 0 u. m a>m^\i^l^^ ^ ^ . ^SiSfttt, 5 0/im 

/£5S-fb#i¥^«s»«l [1112 (c) ] ^ r t ;6S t ^ . # e>tbfcS{b#l¥^»«i:»« 

l«>^®{J:fllxio'fli/cm''Sftrcite'ISC«*^?>*T'5. 
I 0 1 1 6 1 

( ^ 5 <D X^ ) 

JJ^IC. i:|&©^3W^-ft:#54^««i:2 3i: 2 cD^^bifel^^^ 2 4 b ''i ^. S <t: ^ * 

iisi5Mm. h V 4 ymm (m^<^maU(r>mw) 2MmcDsi02j;i5/£s ||_2_roj» 

MJ^I 1^0. 5Mm<D)K/i:-t?J?^^U. m^^X . RIE^«{Ci!J Bfl «iJ {RI ® O ® d ;J5 fS 

1 1 sr?i?fi£i-5. fl^Bfe^ ttfc fg 2 (o^mm 1 iro;^h9-ry:fe-i^tt. M 1 (D^mm i 2 w 

[01171 

htag? J: ^ t^affliilH?(0»(c !g 2 (r>mmm 1 1 i:m^l^tcm. % 4 <0^^b^^^^ 2 -S: 

, 3 O // m CO SfjOf: -C/5Kft $ 5 „ 

UTV^^^s. ^ft^fifUJKE&iSs^^tciS^ ^ 1 i: B 4 (D S ife ^ g^ f*: 

2*>P>/i5fi« Ciai (c) ] €:^§5r.i:*ST?*S. 
[ O 1 1 8 1 

5 ] 

mi (onm *^ (b Wi 4 (oum tirn 2 (d) ~®5*r#w) 

c m 1 (^T.m ) 

SffiStS 2 1 i: U -r , 2W'>'^*, Cffitrafeffiirb, sj- y 7 9 ffi «r A ffi i: "t" 5 i^ :7 r 

jtf>^(cr>^ = ri:TMG (h!J^9^/i';iyy'^A) ir^fflv^, ■^^>'r-rrs^g2lJ-(clG 
a NJ;>)?i6/<5'7r® (ia^*ti'-CV^;f'j:v^) Srii^2 0 0;i-v^^P5. hn— i=.comiPT?^* 
$ * -5 „ 

[01 191 

^<.y>'TS«:fiS;«m. r MG (o y^±tbx . fi^Sri 0 5 oT;4-e±#^-^5„ 1 0 5 o 
X: \^ ti: ft h . mn :ff ^ T M G , Tv^ — 7 :ff :^ M . SiSrlxio'"/ 

cm'' K-:^ Ufc G a N J: 0 ift -5 » iBi W ^ iffe « «: S 2 5Sr2 /xmK)|IIff-efi!£«Sli:S, 
[01201 
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[0121] 

Zfctc. SJS^Igrt f^ir -y h V. ?a«^ 1 0 5 orX'. iS:|s|.;^f ;^{CTMG, T V ^ ^ T , 
iy7^-;t^;^^fflV^, Ti^K-T/c^GaNitJJ^CS % 1 g^S-fki^^^^a 2 2 ?r , M O C V 

I o 1 2 2 1 

2 x^ ) 

hi?. ^ 1 cD^-ft^ifel^^i^ 2 2±l^. r>'K-:^<^GaN*^t>'^t5S30a^bf»i|^3>fl=2 

3*-, H V P E ^flilC J; t) , 1 0 0 M m (OlKJS-CfiKS ^5 * 5 , fifeft5taEtt, 5 O /x m / ^ 

W T- ^ „ 
10 12 3] 
( H 3 (73 X S ) 

fi^*LT.^aro^3»^'fk#lH^3l«c23i:i-5. 
(01241 
( H 4 <D X © ) 

f£Z m2(Dm'ftm^mW^ 2 4 HVPEi^SJCiO^ 2 0 0 ai m COli^-t?^* -So 

[0125] 

ilBroXg^rSSrtJCit), m3coS{ki^^^«:2 3fc ^ 2 (D^Yk^^^ 2 4 75- 

f£ i> M'itm ^mi^mmi^ ^ ^ o nhn fz m 2 (pmiti^^mi^ 2 4^ffiictt. 5x10 

3>:flJ L- X V^ 2. „ 
I 0 1 2 6 1 

( ^ 5 g3Xm ) 

5S»:t-,llll(c)<75*«^figg^-tt:^o 

±.m<n^ 3 (Dm^tfib^mw 2 3 t m 2 <Dm.itm^mi^ 2 4 A^h^i^ ^<k^^»«c^« 1 
jiic, jhia is 1 CO xm -e?ig^ uit fH 1 (Dm& 1 4 t pj^j-, ig 2 roiHia 1 3 srj^^i-*. 
<a ^ 2 (ppata 1 3<d^ h 9 ^ ^^mi^. m 1 (om& 1 4rox h7^7":^[fiii:spffi:/£ 

±|5m3om'fkit)¥^«:2 3(0|^*SJ}c5>#U-CV-S^ 
^ 2 gJPaa 1 3S:*-r5-h{-TV K-:/OG aN*»C>>^C5 m4Wg^k'^^gH» 2 2 0 

[0127] 

c * jfe 6 ] 

-a:. ^ 3 ro^'fki^ij^^f*: 2 3 «:?9f« b -Ci^* L. , ($ 2 5 0 ,z m W )K I? O M_2j«M. 

lki¥J|#.2 4 m 5 Xg -C ^v^e,ttS^^k#3^^^#:»t51 i:-r^.f4«B«^(-bt*^ 
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[0128] 

C * Jfi «ai 7 ] 

mmm 1 1 i » fci^yt^ 3 o^-fki^^^fft: 2 3 *^ b ?,^it^^^mi^(r>mm.±i^m4^ 

[0129] 

(rv-K — r/n®3>-^^'I-S) Cll|9^CW:|g:^SHTV^/j;V^3 
^'ft;ife)^^^*:<OS;K±.{c, 1 0 5 0 "C -e^SJis^:^f J- T M A (h!;p«^yl'T/l'5^!>A) 

(n®='>'^i' hS? 2) 

{C iy 9 >- ^ ^ (Si H4) ^fflV>, S i 4:3 X 1 o'Vcm' K-^UfcA lo.ogGao. 
95NJ;t)/£5nM=3:X:^'j>^ hS7 2Sr3Aim W IK Ji? fig ^ $ * S . 
[0130] 

(if^^'^'BSihW? 3) 

m«S:8 0 0"C|wL.-r. Ji:^Sj-::?f;^lc:TMG. TMI (hy^^/L'-YVv'^'A) 
V^T>-^=-T^m\i^. yf m.^ ^ ^ y > ^ ^ ^ ^ Si«:5X10'*/cm^K— >^ 
LfcI no.o8Gao.92NJ;?)/£^^'7?'^l»lt®7 3€r0. 1 5A*m©)BIJp-efi!tS§-BrS 

o 

[0131] 

(nM:J'7-yKS7 4) 
2k IC. M^trlOSCCfCUT, l®)|s^;y;^^CTMA, TMGRt;5T^^*^r«:fflV>, T 
V K-::^roA 1 0.14G ao.ssNJ; *) tii, AM^ 2 5;*-^^^^ ha-AWl^ffT^ft^-a:, 
T . T MA ^ ihlf) ^ >F*e#J:^^tl--C->7>■:^;^SrfflV^. Si^5X10"/cm^ 
K — 7'UfcGaNJ;t3i^eSBS^:2 5:^>'i/;^ho— ^Ol^ff-efifeS^-lt^o ^LT, r 
•O^ftSr-tiX'^ixl 6 OlH]«|t)jgbTASi;B««oaj»L, j^ffilfS 0 0 0;^-V^^>^ hn 
-A(0#«Sg (fflt&^fltig) J; 9 5 n S ^' 7 y KS 7 4 It 5 . 

[0132] 
(na;«f-rKS75) 

jsfeti:. R«io5aftT?, Mi|s^;^/x^cTMGZ^tt;«r>'^-TS^fflv^, rvK-^'rooaNj; 

9?'£5nS;i!/-1'K«7 5SrO. 0 7 5 Mm<O)K»t?*SS:^5-*5. 
[0133] 

(fgtt® 7 6 ) 

JSktC, ii.«Sr 8 0 0 "CIC UTs IS ^s|- ;5f X T M I . T M G S. tj! T V * - T Sr ffl V> . 
mH 7. h L.TiX9>':^^*-ffl''V S i ^5 X 1 o'*/cm'K— T'Ufc I no.oiGa„. 99 
Nj;!3^e-5|Seffi«t:10 0:;t->i/;^Np — i^cD)!iJ?:-C^«^1i:5„ MV^■r, >'7>';!5f^Sr 
ifc*, T:/K-7'0I no.,iGao.89NJ:<?/j;5#F«=&5 0;*-V^'^^ha-a=,ro|iej?-e 
^S^-ilrS. r (Ojftf^Sr 3 mift •? jg L, ««lcPt®S Sr«(» U^i^Blff 5 5 0 ;t V i/;^ h 
D — .A (D^«a:^=-#F:#l3t (MQW) 7 6 ^Srfifeft ^5 -It 5 , 

[0134]- 
(pS«^B3Cii«)«7 7) 

2k {Jl, I^«l«fi*t?, JWi|S|-;«/^^l-TMA. TMGS.U^ri/^"TS^fflV^, ^^igi^jif^^i: 
LTCpaMg (v'^'n'O'^J'v'ai — /W-^^4=^v't>A) ^;SV''.Mg5rlXlo"/cm' 
K-7"bfcAlo.4Gao.6Ni'3''j:5pSi«^WDiZ.«>S7 7SrlOO;i-:/i5^^ht«-A 
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[0135] 
ipM^^ Vm 7 8 ) 

(DGaNJ;t)nc2>pai;j«f'f KS7 85:0. 0 7 5ium(Dai/?:T'^SS-ti:5. 
[0136] 

(pS^9s'K«79) 

A 1 0. . G a 0. J; ^) >IS 5 A® 2 5 b n - ro^ff T'fifeft ^ -1^. i£ V^ T . TM 

A^rihift. :=F<9e#j;<f;^i: L-TC pjMgSrl^V^, MgSrS X 1 o'Vcm' K-T^UfeG a 
N J: t) 6 B S 2 5 ^ i5^;^ h o - A (OlRJiC-efiKS S-er 5, ^UT, r W J* S: ^ ix 
tbi oo|il»IOiSL-T:A«i:Ba(oa«U, 500o;i-:^i/;^bo-j>.»#«)l!S ( 

mm^f-mm) i 9 >ie 5 p a^' 9 y KH 7 9 «rfiK« 

[0137] 

(pS=>:^^^'h«80) 

,Mg?^fflV^, Mg^rlXl o X c h' - ^ \^ It G a N X <0 f£ ^ P M =' hMS 0 

1 5 O :t-:y y :^ Y- a— 
I 0 1 3 8 1 

SJt£:«^T«^, Sf&^ig^^^'*5V^X. i> «r SSISBB ^ , 7 0 o i: "C T ^ - y v 

S i O2 i 9 5»fiJBI^J^fife b-t , R I E (RJSCtt-f Sr ^ S i C 1 4 

;tfx{CJ;9:3.2/^V^b. iaiOl-:^-t-J:5»-, n«aiSr3^fife-t-'<#nffll=»:/^i5'h«2 

iSfclciaio (a) ic*-rJ;5tc,*J::S«P«='V^'i'bS8oro(a ± m\c. P V D 

i>5. Siiftfl:«J {±t VX. SiOj) i9 ta^2 (D^mm 6 1 0 . 5 ^ m 

0 10 (b) {r^-r J; 9 l-f^ 3 ro^lime 3 Ji^fiR^, R I E (KiStt-f ^rv^i 

'^^^ ^) i^Wtciit), CF4;«/x«rfflv^, M3<o{»SiBg6 3*-^:=^^i:b-C, sfilS |S 2 
i^;=^ h 05;^^t:K?*-r- -5 i I- J; 9 . la 1 o (c) ics^-r ^ 9 P fflli ^ iS'^ b S 8 0 ro J: 
I 0 1 3 9 1 

Hio (d) tc*i-J;5l-, ;^b9-r 2 (O^aijif 6 1 iJfiK^, S« R 

IESCj;\)SiCl4^^^fflV^T, p«='>'^'^h»10, *3j;U5p«;5'7 5'K«89 
. Z r l^-ft:<|«l t U-r Z r O2) ►) f^^mj^JlMMM.^ 2 Sr. 2 Oj^gPiSt 6 1 (Oi 

^ y :y ^ \z. ^ ^ mm h f\^ft. V m ^ y V v wi ^ <r> <^ . ^ n rti(r>mn-xm^\^x 

I5c ic , a. - x> Sr Si J5 at b , 0 10 ( f ) S% -T J: 5 f;: . y 2 ro^glM 6 1 S: y 

[0140] 
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2>c{-0io (g) {c^-f-ipt-x pmi]=>:^^'^'h»8oa5Jh g> lg 2 (O^miSk 6 1 *s Sfe * 
*tb-Cflraib^t^<??pfl! = >'^'^' M1©*®{;:n i/AuJ;l5>i5p S«i 2 o SrJ^^-f- 5 
„ {i.Up«1£2 0»iiooAtm<OJ7«ih9-f7'i|@i:bT, io^igfcs^-f-Jzpli:. jp 1 g>ff=ai 
^6 2 <D ± le: « o T fi£ -r 5 , 

[0141] 

m.^£:^\^X'. mmmii^h^<-i>n^'0^m\^. mmm (ii-oow. :^^mi}^<om^<omm 

UT, ^m.x u-^mm^^yi-t^. 

4oonmro3«gg«S:ei5 5ftis.^tt, jia-r-i:^^Miy.±K>*#*;^-r„ KJ-s ^^^'f:'^*! 

[0142] 

C * J£ 8 ] 

icttte^irois t A/if M.e>ti''SV''fP^^-«r^bTV^5rot?> f^##ttds A»-C*> 9 > 

S r. i: ;65 X- ^ 5 . 
[0143] 

[ K ffi IB ^ Jic Si W 1 
[ SI 1 ] 

10 2] 

[m 3 ] 
[m 4 ] 

[0 5] 
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[ IS 6 ] 

[ 11 7 ] 

I® 8] 
[09] 
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